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To aid the development of a better understanding of the 
ecological relationships and processes in the marine 
system, a brief overview of.the major faunal groups in 
Antarctic waters (excluding benthos) is provided. The 
aim is to assist in providing a background against 
which plans for future research and management programmes 
may be designed. 

Separate sections of the review deal with zooplankton, 
krill, cephalopods, fish, seabirds, seals and whales. 
Each section provides information on species composition 
of particular groups of animals, their geographical 
distribution and abundance. Where information is 
sufficient there are descriptions of other biological 
parameters such as reproduction and growth, food habits 
and role in the ecosystem. 

Krill is considered separately from zooplankton because 
of its importance as a harvested resource and a prey 
item for many species in higher trophic levels. The 
Southern Ocean food web and its trophic relationships 
are also discussed. 

EXAMEN DE LA FAUNE MARINE DE L'ANTARCTIQUE 

Resume 

Afin de contribuer a une meilleure comprehension des 
relations et des mecanismes ecologiques dans le 
systeme marin, il est donne un bref aper9u des 
principaux groupes de la faune des eaux antarctiques 
(a l'exclusion du benthos). Le but en est de fournir 
un cadre a partir duquel pourraient etre con9us de 
futurs programmes de recherche et d'amenagement. 

Le zooplancton, le krill, les cephalopodes, les 
poissons, les oiseaux de mer, les phoques et les 
baleines sont examines dans des sections differentes. 
Chacune de ces sections comporte des renseignements 
sur la composition par espece de certains groupes 
d'animaux, leur repartition geographique et leur 
abondance. Lorsque les informations disponibles 
sent suffisantes, d'autres parametres biologiques 
sent decrits tels que la reproduction et la 
croissance, les habitudes alimentaires et leur 
role dans l'ecosysteme. 
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Le krill est considere separement du zooplancton etant donne 
son importance e n tant que ressource exploitee d'une part 
et proie pour de nombreuses especes dans les niveaux 
trophiques eleve s d'autre part. La chaine alimentaire de 
l'ocean Austral et ses relations trophiques font egalement 
l'objet d'une discussion. 

OE30P MOPCKO~ ~AYHH AHTAPKTHKH 

Pe310Me 

KpaTKH8 O63op OCHOBHblX rpynn ¢ayHbl Bon AHTapK­
THKH (3a HcKnwqeHHeM 6eHToca) npennaraeTcH B 
IlOMOmb nocTH~eHHW nyqwero nOHHMaHHH 3KonorHqe­
CKHX B3aHMOOTHOWeHH8 H npoueccoB B MOPCKO8 CH­
CTeMe.uenbw HBnHeTCH cone8cTBHe B npenocTaane­
HHH OCHOBbl nnH pa3pa6OTKH nnaHOB 5ynymHx HCCne­
noaaHH8 H nporpaMM ynpaaneHHH. 

B oTnenbHblX pa3nenax O63opa conep~HTCH HH¢opMa­
UHH O 300ITnaHKTOHe, K;:mne, I'OJ1OBOHOI'HX, pbl5e, MOPCKHX 
IlTHuax, TWneHHX H KHTaX. B Ka)l(,UOM pa3gene npen­
CTaBneHa HH¢OpMaUHH O BHgOBOM COCTaBe onpene­
neHHbJX rpynn ~HBOTHbJX, HX reorpa¢HqecKOM pac­
npeneneHHH H qHcneHHOCTH. TaM, rne HH¢OpMaUHH 
nocTaToqHo, naWTCH OilHCaHHH gpyrHX 5HonorHqe­
CKHX napaMeTpOB, TaKHX KaK BOilPOH3BOACTBO H 

POCT, oco6eHHOCTH TIHTaHHH H ponb B 3KOCHCTeMe. 

KpHnb paCCMaTPHBaeTCH OTnenbHO OT 3OOnnaHKTOHa 
B CBH3H c 3HaqeHHeM ero KaK npoMblcnoaoro 3anaca 
H npenMeTa xHmHHqeCTBa nnH MHOrHX BHAOB 5onee 
BbJCOKHX TPO¢HqecKHX ypoBHe8. TaK~e o5cy:>K.,UaeTCH 
nHmeBaH uenb MOpe8 AHTapKTHKH H TpO¢HqeCKHe OT­
HOWeHHH B He8. 

REVISION DE LA FAUNA. MARINA ANTARTICA 

Resumen 

Se proporciona una breve revisi6n de los principales 
grupos de la fauna en las aguas antarticas (excluyendo 
el bentos) para asistir en el logro de una mayor 
comprensi6n de las relaciones ecol6gicas en el sistema 
marino. El objetivo es asistir proporcionando una base 
sobre la cual se puedan disefiar los planes para una 
futura investigaci6n y administraci6n . 
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En secciones separadas de la revisipn se trata sobre 
zooplancton, kri-11, cefal6podos, peces, aves marinas, 
focas y ballenas. En cada secci6n se proporciona 
informaci6n sobre la composici6n de grupos de animales 
tomados individualmente, su distribuci6n geografica 
y abundancia" En los casos en que se ha obtenido 
suficiente informaci6n, se proporcionan descripciones 
de otros parametros biol6gicos, tales como reproducci6n 
y crecimiento, habitos alimenticios y funci6n en el 
ecosistema. 

Al krill se le considera separadamente del zooplancton 
debide a su importancia como recurse recolectable y 
per censtituir la presa de muchas especies en 
niveles tr6ficos superiores. Asimismo, se trata 
sebre la cadena alimentlcia del Oceano Austral 
y sus relacienes tr6ficas. 
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· CHAPTER 1: INTRODUCTION 

The Convention on the Conservation _of Antarctic Marine Living 
Resources (CCAM...R) recognizes that harvesting living resources could 
affect the structure and productivity of the Antarctic marine ecosystem. 
The Convention therefore requires that resource-oriented activities be 
conducted in such a fashion as to ensure the conservation and maintenance 
of the Antarctic marine community, including harvested, dependent, and 
related species. 

To be able to pursue enlightened management strategies, it is 
necessary to develop a better understanding of the ecological 
relationships and processes in the marine system. To that end, research 
into the ecology of Antarctic marine fauna is essential. This document's 
objective is to provide a brief overview of the major faunal · groups in 
Antarctic waters (excluding benthos). Hopefully, this review will assist 
in providing a background against which plans for future research and 
management programs may be designed. Bengtson (1984) prepared a report 
for· the U.S. Marine Mammal Commission addressing selected research needs 
in designing research programs that focus on ecosystem monitoring. This 
document is the companion paper to that report. 

The many persons who generously assisted with the various stages of 
this review are warmly thanked for their help. foremost among this group 
are the four individuals who were the principal authors of the following 
chapters: M. Burchett, fish; A. Clarke, zooplankton; C. Lockyer, whales; 
and D. Morris, krill. They did an excellent job of assembling and 
distilling a large body of literature in a short period of time; any 
fault in the presentation of the _material that they assembled remains my 
shortcoming. I also wish to acknowledge the following experts who were 
consulted during the course of this project: D. Ainley, N. Bonner, D. 
Chapman, J. Croxall, D. DeMaster, I. Everson, R. L~ws, 5. Mizroch, M. 
Reinke, D. Siniff, K. Sherman, C. Sullivan, and w. Trivelpiece. Several 
persons offered their able assistance in reviewing drafts: D. Ainley, D. 
Chapman, P. Dayton, D. DeMaster, G. Duhamel, R. Hofman, K. Green-Harrmond, 
J. Hureau, G. Joyce, 5. McCann, A. North, R. Laws, G.C. Ray, R. 
Riseborogh, K. Sherman, I. Stirling, and R. Williams. I gratefully 
acknowledge the office help given by D. Carlquist and N. Carlquist, and I 
wish to offer special thanks to D. Stinson for her tireless efforts 
during the entire project. Finally, I thank the staffs of the Sri tish 
Antarctic Survey, the University of Minnesota, and the National Marine 
Mammal Laboratory for their assistance and forbearance. 
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CHAPTER 2: ANTARCTIC ZOCPLANKTON 

Introduction 

The zooplankton present south of the Antarctic Convergence is 
comprised of a wide variety of taxonomic groups that provides the crucial 
link between primary producers and carnivores. As noted by Everson 
(1984a) in his recent review, most attention has been focused on the 
biology and ecology of Antarctic krill (Euphausia superba*), often 
overlooking the fact that krill represents but one of the many important 
taxa. The following paragraphs provide a brief overview of those 
Antarctic zooplankton species other than Antarctic krill, which is 
discussed more fully in Chapter 3. 

Species Conposition 

Organisms found in the Southern Ocean include those which can swim 
actively (nekton) and those which drift with the movements of the water 
(plankton). The major taxa of Southern Ocean macrozooplankton (those 
larger than 200 microns) are listed in Table l. Although the relative 
abundance of taxa varies with locality and season, in general, the taxa 
with the largest total biomass are probably copepods, euphausiids, salps, 
and fish larvae, with cnidarians and pteropod molluscs locally common. 

Microzooplankton (smaller than 200 microns) are relatively poorly 
known, but are the focus of increasing interest because of their 
importance in the food web (Table 2). A general size classification has 
frequently been used such as the one of Sieburth et al. (1978): 

Megaplankton 20 - 200 cm 
Macroplankton 2 - 20 cm 
Mesoplankton 0.2 - 20 cm 
Microplankton 20 - 200 microns 
Nanoplankton 2 - 20 microns 
Picoplankton 0.2 - 2 microns 

The three larger divisions are often grouped together as plankton, net 
plankton, or (in a rather loose sense) as macrozooplankton. Picoplankton 
are sometimes referred to as utraplankton or ultrananoplankton. Although 
convenient, classifications such as these are only general guidelines to 
categorizing taxa. Few organisms are of· sufficiently regular shape to be 
classified uniquely into one class or another, and almost no taxa fall 
entirely within a single size class. Even the fundamental distinction 
between eukaryote and prokaryote does not classify organisms into any 
particular size classes. 

There are no major groups of zooplankton absent frcxn the Southern 
Ocean, but the size and relative proportions of various groups differs 
from zooplankton in the Arctic or the tropics. In most waters of the 

* Throughout all chapters of this paper, the terms "krill" and "Antarctic 
krill" will refer to Euphausia superba, unless otherwise noted. 
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Table 1. The dominant taxa of Southern Ocean macrozooplankton. The 
classification is that of Barnes (1968), with the ~xception that the 
Crustacea are considered to be a phylum, Phyla are in capitals, classes 
in lower case. Synonyms used frequently in the Southern Ocean literature 
ar.e given in parentheses. References are to the most recent key 
taxonomic or distributional works. 

CIIIDAllA (CO!L!NT!UTA) 

ltydraa:oa 

CT!IIOPBOU 

Teat•culata 

P!ATYIIEU<INTHES 

Turbellarta 

111:KEllnA 

!nopla 

AIINl:Llllo\ 

Polychaet■ 

CBAl:TOCIIAfflA 

IIOLLUSCA 

Ca■ tropoda 

aUSTACU 

.Aaphipoda 

C<>pepod• 

bur\•• u ·tdal na■e_t 1 ■ad taport ■nt ■pech:1 

Jellyfhh-Uk~ for■■ (Rydroaeduue). About 66 ■ pee1et. 

Include• tw ..,jor dh·hton■: 

antho.-duaae, Sibogiu horch&redakt 

llphonophoua, Diphye1 antarctic■, and other ■inof aroupt. 

True jd!Jfhh (Scyph-•woH), 11 •peciu, 

P■ri phy lla hyadnthina, Atoll■ !7Yillei. 

Co■b-Jellte■ or te■-&ooHberri••• 'ftl ■ ,:roup ha■ been 

little ■ tudted ln tN Southern Ocean. leroe ■p., 

Pleurobuchta 1p. 

Flatv0ra1. Ver, little 11 'k.novn of tht■ group in the 

Southern Ocean. 

I.Jbbon vora■• 11 pebgtc ■pec:te■ of the order 

Roploneae-rt1nt are \novn froa the Southe;rn Ocean. 

Pela4oneaertea rolle•tont. 

Segaented wafllll. About. 36 apecte■• ,etaao'b:la lonat ctrrata 

Toaopterta c■rpenterl, Yanadb antarctica. TIie lan·ae of 

polychaetea can .be taportant •■bera of the a!cror.ooplanktoa. 

Art'ov-wor.a. 110 cl■ntrtcation between senua and phylua hi• 

yet been atte■pted. About 19 apecha. Ublqultoa1 la. the 

Southern Oca.tt. P.ukrohni■ ha-t■, Sagitt.a gar.ellae. 

Pteropoda ■re an !■port.ant component of the Soutlw!rn Dce■a 

r.ooplankton, and are often found in b:i&h c.oocentrat lon1. 

About ll ~pecle•· n.e Southern Ocean fauna include• 

repreaeat ■ tt"'•• of two order■: 

Theco■outa (Eupterop~• i ■helled pteropod■) 

Cleodor■ ■ ulc.■ta, Uuclna balea, Spon1 tobr■nch.i ■ au.atralb 

Cyano■oaata (Pterota; •~ell-le■- pteropod1) 

CUone ■u.terctica 

Kollu■ean. la"H alee occur tn the aicto£oopl■nkton. 

The erv■t ■c:e■na are i,robabl7 the ac,at l■portant ta&0D0111c 

1roup ta the Southern Ocun. 

l ypuoche -duHt1a, Pauthealato p udlchaud.U 

Calaaua •c:ut.1111, C. proptnguu■, C. 1latlliau■, 

Clau■ocal•oa• laticepe. Ct■noc■1anu■ fftlwi. 

Ditrpanopu.■ per:::ttnatua, !ochaet• ■nt•rctlc.a 1 

Netrldt ■ l" rl■chei, M. lucen■, Pleurou-■ robuata. 

Tatton, 19-S.ti; lr■■p, 

19S7; 0 1 Sullt••n• 1982d 

Sti ■en7 1 1934; 

0 1Sullhan 1 1982c:. 

Vheeler, 1934; 

O'Sullivan, 1913. 

Monro, 1930, 1936; 

O'SulUv■n, 1982b 

Da•ld, 19S5, 19SI; 

O'Sullivan, 1913 

Al•arlno et al., 1983■, b 

Ka •• ,. 1932 

Barnard, 1132; Rol~n aad 

llatlln1, 1983. 

'Vervoort. 196'.i; ljornbera, 

1967; flel"on, 1971; 

Park, 1911 1 1910 1 1982, 

1983a, ~. 
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Table 1, Continued. 

Decapoda 

!uphau•hcea 

taapocla 

My■!dacea 

O.tracoda 

!CHINODERIIAtA 

CHORDATA 

Thaltac.ea 

Oateichthyu 

Rarely found at tM aurface, but a do.in.ant 9roup 1n the 

atdvater faun.a, u tn other oce■na. Paetphae■ 1cotlae, 

Ryaenodora 1lachl11. 

lupMl\ilia cn1tallorophia1, E. fr1&1da, i. auperba, 

I. trtac.anthA, 1. nllentlnt, 1b7 aanoe1■1 .. cnita, 

T. wtctna. 

Thh braet, benthlc aroup 11 • at.nor co■ponent of the 

Southern Ocean zooplanlt.toa.. 

Antarctaayat1 ualM, ~ .. 

M ln other ocean■, • ■ull but ubiqultoua component of 

the Southern Ocean &ooplankton. A.bout 17 ■pee tu south 

of fd's. 
Cru1tacun larvae (lncludtng larvae of brentMc forwt auch 

•• cirripede1) are also 1aportant in the ■lcroz:ooplanltton. 

llo adult echinoderM occur in the plankton, but the l&rge 

larYal fora Audcularia &ntarcttca h fuquentl:7 co.aon in 

the ••cro&ooplankton. Other t:cMnoderw larvae abo occur 

in the aicro&ooplank.too. 

Salp1. l■portant ae•ben of the Southern Ocean plankton, 

vhich can be present ln vaat nu111bt!n tn euaaer. 

Selpa tho■p ■ oni (fonaerly S , fusiforaJ.1 .,er ~), 

S. aerlachei. 

Larval fhh c.an 'be very i ■poTt•nt aeaben of the phnkton 

at certain tiaea of the year. 

T1ld"'1n, I96S: IUrklfOOd, 

in pre■t. 

John, 1937; kiln, 19~9; 

Marr, 1962; ltrkvood, 

1982. 

Schultz, 1978 

Tatter■■ ll, 19~S 

De1ne7. 19 7 a. 1982 

J'oxtcm, 1961, 1966; 

O'Sulliw-an. in pre••· 
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Table 2. Southern Ocean zooplankton smaller than 200 microns (microzooplankton, 
nanoplankton, picoplankton). The eukaryote protist classification is that of 
Margulis _and Schwartz (1982). 

Ta1ton 
9JMn.,_, tridal na•:■ and 
repruentethe Antarctic 1enera 

PtOlt.UYOttS 

!UICARYOff PIOTISTS 

kcteti• 

kctllariophyta (hclll■T1oph7ceae). Oiat01a1; ChaelDCitroe, 
~. Corethron, nula■ ,tothrt:i. 

Raptophyu (Pryanophyc.eae). tncludet cocco l t thophorid ■• 

Phaeocyath. 

Dtnofl•1ellat■ (Dinophy,c.eae). Dlnoflaaellate1. Protor rtdinWI. 

Chryaophrta 

Eugl•~ophyta 

Zoouatigtna 

roraainlfera 

Ciliophou 

A.cttnopoda 

K!TAZOA 

•otHera 

(Chry■ophyceae). lncludea dltcofl•gellatet, 
Df.atephanus. 

(Puatnoph:,cue). 

lncludu choanoflagellate■ and bieoedda. 
Parvicorbicula. · 

Clob1ger1 oa 

Ctlhte protor.0111. Include■ tintinnidt, 

Includes radtohrtans 

!.chinoder1!18U 
ttolluac• . 
Cru1tacea 
Polychaeta 

ae.,rkt 

ilbunclant; autotrophic and Mt•rotrophtc. 

Abundant i R&c.lu,tTeh photo-autotroph.tc. 

Abundant; c.•n be fl•a•llated. 

Abundant: fl•1•llau; both photo-autotrophtc 
and heterotropt,tc. 

Flagel late. 

Flagellate. 

Flagellate; both photo-eutotrophlc: and 
heterotrophlc. 

Abundant i flagellate; heterotrophlc:: 
(etpectally conau1Hr■ of .bac:terla). 

Abur,.daat. 

Abundant. 

These larvae are occasionally abundant, but 
the tendency for benthtc apech ■ to produce 
large eggt vhlch· an: then brooded, ■eana 
that the Southern Ocean i:CH>planltton ta poor 
1ft lar••• coap.ared vltl'I other ocean■• 
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world, copepods are the major zooplankton herbivores, whereas in the 
Antarctic the euphausiids (notably E. superba), and sometimes salps, are 
dominant. The reason for this difference is not understood, but it is 
possible that the evolution of a very large euphausiid (E. superba), 
which not only competes for food with copepods but possibly aTso preys on 
them, has shifted the balance of COllllUni ty structure. The evolution of 
several species of large zooplankton in the Southern Ocean may be related 
to ecological conditions such as a relatively stable temperature regime 
and a distinctly seasonal primary productivity. Certainly a tendency 
towards the evolution of large species is shown by Antarctic benthos (see 
Clarke, 1979). 

The size of zooplankton may also be controlled by the impact of 
plankton-eating fish. Where these predominate, zooplankton will be small 
(copepods); but where such fish are less abundant, large planktonic 
herbivores can evolve (Koslow, 1983). The general lack of truly pelagic 
Antarctic fish may be a factor in allowing the evolution of a dominant, 
large, zooplankton herbivore. Interestingly, in the Weddell Sea and Ross 
Sea areas, where there are large schools of the Nototheniid fish 
Pleurogramma antarcticum (DeWitt, 1970), the zooplankton is dominated by 
groups other than euphausiids. Euphausiids do occur in these areas, and 
they are the dominant prey taken by P. antarcticum (DeWitt and Hopkins, 
1977). 

Distribution 

Al though the Antarctic Convergence is generally considered the 
northern boundary of Antarctic waters, many zooplankton species are found 
both north and south of this front. Examples include Parathemisto 
~audichaudii ( one of very few truly bipolar species), Euphausia 
nacantha, and Limacina balea. The Convergence apparently does 

constitute a northern barrier for species such as Euphausia superba and 
Salpa thompsoni. The Sub-tropical Convergence appears to be a nuch 
stronger faunal barrier (Peres, 1982), with both physical and chemical 
oceanographic features suggesting that it is a more important barrier to 
zooplankton than the Antarctic Convergence. 

Baker (1954) analyzed the distribution of 38 species of the roore 
colMlon Southern Ocean macrozooplanton and found that, with the possible 
exception of the amphipod Eusirus antarcticus, all were circunpolar. 
This pattern is most likely related to the predominantly circumpolar flow 
of the superficial water masses. Foxton (1956) detected no significant 
variation in the zooplankton volume found in the water column (0-1000 m) 
around the Antarctic continent. 

Thermal segregation 

A north-south cline in species composition is a general component of 
Antarctic zooplankton distribution. The euphausiids are a good example 
of this pattern (John, 1937). From an analysis of zooplankton taken in 
the Bransfield Strait, Scotia Sea, and South Georgia area, Mackintosh 
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( 1934) divided the various species into a series of groups based on 
te"l)erature preferences. This classification has been sunvnarized 
recently by Everson (1984a): 

Warm water species 

l. Species confined to water above 30c: Euphausia vallentini. 

2. Typical warm water species: Calanus simillimus, Candacia sp., 
.Eucalanus sp., Heterorhabdus sp., Pleuromamma robusta 
(copepods), Euphausia triacantha. 

3. Warm water species also found in colder water: Limacina balea 
(pteropod), Euchaeta sp. (copepod), Parathemisto gaudicna'i:Jdii 
(amphipod), Euphausia frigida. 

Widespread species 

4. 

5. 

6. 

Species with wide temperature tolerance, but with a slight 
preference for warmer waters: Rhincalanus gigas (copepod), 
Spongiobranchia australis (pteropod ) , Primno macropa (amphipod), 
Thysanoessa sp. (euphausiid). 

Neutral species: Halor ilus sp., Euchirella sp. (copepods), 
Cyllopus sp. (amphipod , Sol mundella sp. (hydrozoan). 

Species with wide temperature tolerance, but with a slight 
preference for colder waters: Calanoides acutus, Calanus 
propinquus (copepods), Vibilia antarctica (amphipod). 

Cold water species 

7. Cold water species found in large numbers anywhere south of the 
30C isotherm: Euphausia superba, Shlea thompsoni, Tompteris 
sp. (polychaete) , Metridi a ~erlac e1 (copepod), Cleodora 
sulcata, Clione antarctica, L1macina helincina (pteropods) , 
Pyrostephos vanhoffeni (siphonophore). 

8. Species typical of. the coldest regions, rarely or never 
approaching the Antarctic Convergence (except around South 
Georgia): Sibogita borchgrevinki (anthomedusan), Diphyes 
antarctica (siphonophore) , Eusirus antarcticus, Haloptilus 
ocellatus (copepods); Vanadis antarctica (polychaete). 

Neritic species 

9. Euphausia crystallorophias, Antarctomysis maxima. 

-Hempel (1984) suggested that Southern Ocean zooplankton can be viewed 
simplistically as three concentric rings. The outer ring corresponds to 
the West Wind Drift, and is a region dominated by copepods (the localized 
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concentration of Eu~hausia s~erba around South Georgia is an exception 
to this generalization) . Furher south is a ring corresponding roughly 
to the East Wind Drift and its associated fronts. This area is dominated 
by euphausiids (principally ~ sueerba) and salps, and is the zone of 
strong seasonal variation in pack-ice cover. The third zone is adjacent 
to the Antarctic Continent itself, and comprises principally the Weddell 
Sea and Ross Sea. Here ice cover is substantial, and preliminary studies 
indicate that the major zooplankton groups are siphonophores and 
pteropods; euphausiids and salps evidently are rare here. 

Not all Antarctic zooplankton species are circumpolar. Foxton (1966) 
noted that the salp ~alpa thompsoni is found in all sectors of the 
Southern Ocean and as ar north as the Sub-tropical Convergence. It is 
found only infrequently close to the Antarctic continent, and appears to 
be absent from the Weddell Sea. The similar species ~ gerlachei, 
however, is found almost exclusively south of 65°s, and only in the 
Pacific sector (roughly 70°E to 180°E). Caldwell (1966) found 
broadly similar distributions, though ~ gergachei was reported from 
60°E, suggesting the possibility of transport through the Drake Passage 
to the Atlantic sector. 

Swarming 

Although swarming behavior is a noticeable feature of several 
important Southern Ocean zooplankton species, the function of swarms is 
not always clear. It is highly likely, however, that the mechanism of 
swarming is different in different species. Foxton (1966) showed that 
swarms of Salpa thompsoni were present in summer when abundant food led 
to rapid proliferation of individuals by asexual budding; A swarm of 
salps may therefore represent nothing more than many individuals close 
together because reproductive conditions are good. The swarming of krill 
appears to be an active process perhaps related to feeding, reproduction, 
or predator avoidance (a parallel is frequently drawn between the 
swarming of krill and the schooling of small fish). Other organisms 
which form swarms or occur in dense concentrations include the amphipods 
(e.g., Parathemisto gaudichaudii) and pteropods. 

Vertical migration 

Two aspects characterize the vertical distribution of zooplankton in 
the Southern Ocean: 1) a so-called diurnal vertical migration, and 2) a 
seasonal change in the depth. Vertical migration of Antarctic 
zooplankton has been studied most intensively in Euphausia superba. 
Other euphausiids also undertake vertical migrations (e.g., h fr~ida, 
E. triacantha), as do Sa}pt tho'!Fsoni and the copepod Pleuromarrrna r usta 
~ck1ntosh, 1937). L1t le 1s known of the reasons for vertical 
migration ( or the lack of it in the many species which show no marked 
circadian rhythm of depth). The complex patterns exhibited by E. 
superba, however, indicate that it is not simply a balance between tne 
competing effects of food requirements and predator avoidance (Iwasa, 
1982). Because the variation in temperature of the Southern Ocean with 
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depth is relatively small, it seems unlikely that organisms could gain 
much energetic benefit from resting at depths as proposed by Mclaren 
(196}, 1974) as influencing the evolution of vertical migration. 

A detailed consideration of the seasonal vertical migration of 
copepods in the Pacific sector of the Southern Ocean was provided by 
Hopkins ( 1971). In winter ( roughly May to August) less than 10% of the 
total biomass of 4 species (Rhincalanus gig?s, Calanoides acutus, Calanus 
propiguus, Metridia gerlachei ) was present in the top 250 m of the water 
column. From September onwards copepods migrated into these surface 
waters, arriving sequentially by species. Voronina (1972) found that in 
spring when Calanoides acutus is found exclusively in the.surface layers, 
Rhincalanus ~ 1s still at depth. Calanus propinquus is the next 
species to nse, followed by Rhincalanus ~- There is a similar 
timing for descent into deeper wa t ers (Voroniria,-r975). 

Other species which spend the summer months in the surface layers and 
the winter indeeper water are Eukrohnia hamata, Sagitta gazellae (David, 
1955, 1958, 1965), and ~alpa thompsoni (Foxton (1966 ) . This list 
includes both herbivores an carnivores, and Foxton (1964) noted that the 
maxirn_um standing stocks of the predatory Sa~itta gazellae occurs later 
than that of herbivores such as Calanoides ac.u us. 

Control of distribution 

Although the general distribution of the major zooplankton species 
are known, so little is known of the biology of most species that ideas 
regarding the factors controlling distribution are little more than 
speculation. It_ has long been realized that a seasonal vertical 
migration from the southerly moving Warm Deep Water into surface waters 
with a strong northerly component would maintain organisms within broad 
latitudinal bands (Mackintosh, 19}7}_. Such a mechanism might also work 
on . a daily basis, though obviously on a much smaller scale. Some larger 
organisms (for example h superba and salps) are capable of sustained, 
active swinvning and seem likely to be able to maintain ·their geographical 
position against prevailing water movements. 

Abundance 

Estimates of zooplankton biomass (other than h superba) derive 
almost exclusively from net haul data. Unfortunately, the l arge range of 
physical size, activity (and ability to avoid sampling gear), biolo9y 
(notably patchiness), and absolute density present enormous difficulty 1n 
making reliable estimates of biomass. Large species such as medusae and 
salps are frequently excluded from estimates based on net-hauls because 
of these organisms' size and relatively low frequency of occurrence, 
which give them an unr~alistic weighting in statistical analyses 
(Everson, 1984a). Nevertheless, in surrvner salps can constitute a major 
portion of the zooplankton biomass in some areas; if salps and cnidarians 
are included in biomass estimates, these can outweigh all other groups. 
For example, Hardy and Gunther (19}5) list the number of individuals of 



Table 3. Percentage of total biomass for the najor taxa of Southern Ocean zooplenkton - not detected. •, found 
but not quantified. -, fou,d but weig,t included in figure for other taxe. All date X total biomass (wet wt). 

Vorcnlra end Nauoov 1968 Maruyama et al., 1982 Hopkins, 1971 WillillllS et al., 1983 
0-500 m JOO m JOO m 0-1000 m 0-400m 

St.b Ant. Ant. 61-65°S 650S 1660S Paci fie 600-610 60-900£ 
122-1250£ stn lOJ Sector Indian Ocean Sector 

Indian Ocean Sector mean of 7 stns 

Medusae 2.1 3.6 • • • 6.1 25.1 
Sii:t,mo,:tlores * • • 4.5 1.1 
Ctenoi:t,ores • • • * * 1. 7 O.J 
Polyctieetes 1.5 1.3 3.J - ** 0.9 1.) 
~aetognaths 13.2 9.8 15.5 11.5 10.0 J.l 0.5 
Pteropods 2.4 0.9 1.9 0.9 •• 4.0 1.1 
Aml7'ipods * • 7.8 5.l - 3.4 0.9 
Copepods 61.5 72.8 6'.3 J5 .. 0 48.8 10.9 0.4 
Eul7'ausllds 7.2 7.6 8.0 47.0 7.5 57.0 66.8 
Selps 4.9 0.9 * * • 4.4 1.2 

Other taxa 7.2 J.l 0.2 0.5 3'.7 4.0 1.) 

"' 
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the 6 major zooplankton species taken at night around South Georgia 
(their Table 62, p. 316). Catches of E. superba varied from Oto 42,500 
individuals, and catches of Salpa thompsoni from 2 to 10,835. The ratio 
of f alp a to E. superba nuroers ranged tr.om 63 to O. 0012 (ignoring all 
ins ances where no krill weie caught). The high wet weight biomass of 
salps and their very patchy distribution presents a difficult statistical 
problem, since they are U"ldoubtedly important organisms in the Southern 
Ocean. To exclude them from calculations may bias the results just as 
much as including them. Gelatinous zooplankton cannot, however, just be 
ignored (as is often done). They include both predatory and herbivorous 
forms, . and their impact on phytoplankton and zooplankton stocks is very 
likely to be high. Some means of measuring their patchy distribution 
must be developed or our understanding of Southern Ocean zooplankton 
biomass will remain flawed. 

Another problem in making biomass estimates from net hauls is that of 
net bias and net avoidance. This difficulty is well shown by the FIBEX 
(of the BIOW\SS program) catch data for the Indian Ocean Sector. Samples 
were taken mostly between 60°s and 66°S; those taken with Bongo nets 
contained 6% medusae, 11% copepods, and 57% euphausiids (by weight). 
Those taken with the RMTS (blind hauls, no deep hauls included) averaged 
25% medusae, less than 1% copepods, and 67% euphausiids (Williams et al., 
1983). Coupled with natural patchiness, such sampling variation can lead 
to vast differences in sample composition from area to area. For 
example, the three different survey blocks in the FIBEX Bransfield Strait 
Area A contained 41, 16, and 41 g/m2 of zooplankton 
(Rakusa-Suszczewski, 1983). 

Some .recent estimates of the relative importance of various taxa are 
summarized in Table 3. It is clear that the major zooplankton taxa in 
the Southern Ocean are copepods and e4Jhausiids, in that order. Few 
data, however, are available for areas presumed to be dominated by krill; 
most biomass estimates come from areas known to be dominated by copepods 
rather than euphausiids. 

Table 4 presents various estimates of total zooplankton biomass. 
Using the reasonable median value of 50 mg/m3 (wet weight} for 
zooplankton biomass in the top 1000 m suggested by Everson (1977), and 
assuming the area of the Southern Ocean to be 36 million km2 produces 
an estimated •total' zooplankton biomass of 1800 million tons (wet 
weight). This figure excludes Euphausia suferba, fish, and gelatinous 
zooplankton ( salps, ctenophores, and medusae . At present, there is · no 
reliable way of estimating this missing biomass, and because of the wide 
variability of the estimates figures for zooplankton biomass must be 
treated with caution (Everson, 1984a}. 

Zooplankton biomass is not distributed evenly in the Southern Ocean. 
Foxton (1956) showed that from the equator to about 300s, zooplankton 
biomass was· relatively constant and low. Around 500 - 5.505 near the 
Antarctic Convergence biomass increased by up to seven fold. Closer to 
the Antarctic continent, biomass decreased somewhat, but remained high in 



Table 4. Estimates of 
Ocean macrozooplankton. 
as displacement volume, 
**data presented as dry 
weight. 

Stalldtna •tock hioaa1■ 

Volume ba•1• 

23-43• 

6-ZS* 

1000-2000 

100-150 

so 
10-100 

100 

560:!:200,-. 

120•110* 

760-110* 

29-31 

14-20 

13.S0 

1s.ou 
l).QU 

0-2SO 

0-SO 

o-no 

0-1000 

0-SO 

100-200 

200-SOO 

0-SOO 

0-100 

0-100 

0-100 

0-370 

0-370 

0-1000 

0-1000 

0-1000 
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the standing stock biomass (wet weight) of Southern 
Table modified from Everson (1977). *data presented 

recalculated assuming 1 ml• 1 gram wet weight. 
weight, recalculated assuming dry_ weight• 20% wet 

Wote• 

Subant■rcttc wter,; 1o•ton, 1956 r•calculated by Haruyau et .1.' 
1982. 

Sout hem Ocean ••n; Toatoft, 1956 recalcal■ted by 'ITer,00 1 1977. 

Southem Ocean ae■o; Fo:aton, US6 recalcul■ ted by Karuy■• et al.• 

1982. 

Southern Ocean aean; Fo•ton, 1946 recalculated by l.•er,on, 1977. 

All the ■boft data exclude tuphauda aupe.rha, aalpt 1 •dusae and 

fiab. 

Feb/Karch., cloae to ahore lee; 

Vlnogradov and Jliau•n, 19~8, (in !verson 1977). 

2cPE to H,C°!; Voronine, 1966 Un Maruyau et al., 1982). Include• 

aalpt aod aedueae. 

Around 60°S; logorov et el., 1968 (in E'l'er ■ on, 1977). 

155°! to lSS°V, ticb area; 

lS~I to 155°W, intenM"diate area; 

lSS°r. to 155°W. poor area; all data hoa Barkhatov et 1.l., 1973 

recalculated by Me nay•- et al. 1 1982. 

~tween ■uh-troplc•l and Antarctic con•ergencea: 

South of the Antat'ctic Convergence;: 

lo regions of aaxl.u• phytoplankton abundance; 

Voronlna and Zadorlu, 1976. 

12cP! to 17<PE; rich erea■; 

poor area■; Haruyaaa et al •• 1982. 

Zooplankton retat.ned l,y 1 - ae■h; ezclude■ aeduHe and aalp•. 

Antarctic; Pacific sector of Veat 'Wind Drtft; 

Antarctic Convergence zone; Pacifh: Mctor; 

Betveen Subtropical and Antarctic Can•ergences; 

z.ooplankton retalnird by 0.2 • mesh; Rop\lna, 1971 .. 

!.zclude■ aedu■■e, alphonophou,a, for■alntfera and radlol■ rla . 
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comparison with tropical and sub-tropical waters. 
A similar comparative study by Hopkins (1971) revealed less extreme 

variation.. Total zooplankton standing crop in the top 1000 meters of the 
Pacific sector was 2.67 g/m2 (dry weight) in the Antarctic zone, 2.96 
g/m2 at the Antarctic · Convergence, and 2.58 g/m2 between the 
Antarctic and Sub-tropical Convergences. These figures are only 
moderately higher than other oceans of the world, although they oo 
confirm the increase in zooplankton biomass around the Antarctic 
Convergence. This increase is also evident in the map of zooplankton 
biomass given by Peres (1982), based on Vinogradov and Naumov (1961). 

Little is known of the productivity of Southern Ocean zooplankton. 
Peres (1982) estimated an annual production of 190 - 380 million tons 
(wet wt) for all zooplankton in the Southern Ocean excluding krill. The 
latter was estimated at 95 - 190 million tons per annum from biomass 
data, and at 130 · - 1000 million tons per annum from primary production 
data. Thus estimated production of zooplankton other than krill, 
expressed as a fraction of total production, is either 67%, or 28 - 59%, 
depending on the method of estimating krill production. 

Southern Ocean secondary production was estimated in a series of 
papers (Voronina et al., 1979a, 1980a, b, c). . These studies considered 
the life cycles of the three dominant copepods Calanoides acutus, Calanus 
pro~inguus, and Rhincalanus gigas. Their distributions were divided into 
nor hern, intermediate, and southern zones.to allow for a seasonal cline 
in distribution (Table 5). 

When the total annual production of 54. 8 g/m2 is added to molting 
and nauplii biomass, total annual net production comes to 62.0 g/m2. 
Including euphausiids (biomass from net hauls 1.9 g/m2, annual P/B 
ratio 2.38) increases· production by 4.5, to 66 g/m2. Adding all other 
zooplankton brings the total annual net zooplankton production to 70 
g/m2. This estimate includes 88.6% copepods, 6.4% euphausiids, 5% 
other, and gives a total estimate of Southern Ocean secondary production 
of 2520 million tons (wet wt) per annum. Excluding euphausiids only 
reduces the estimate to 2360 million tons per annun. Hence, euphausiid 
production is a relatively small fraction of total secondary production. 

Growth and Reproduction 

A broad variety of life history strategies have evolved among 
Antarctic zooplankton (Table 6). The life-history of the copepod 
Calanoides acutus is somewhat typical for herbivores (Andrews, 1966). In 
winter the population is at depth, and consists almost entirely of stage 
IV and ·v copepodids. These do not feed, but live off reserves stored as 
a wax droplet. Reserves are at a maximlJTl in April/May, arx:! decline 
throughout the winter. In October and November these immature animals 
molt to become adults, mate, and rise to the surface to feed on 
phytoplankton (primarily diatoms, as indicated by gut contents). 
December arx:! January are the periods of peak egg production, and the 
emergent nauplii rapidly grow to stage III and IV copepodids by late 
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Table 5. Annual production and production/biomass values for three 
species of Antarctic copepods. (After Voronina et al., 1979b, 1980 a, b, 
c, d). 

Species 

Rhinocalanus ~igas 
Cal noides acu us 
Calanus propinquus 

Total 

Total annual production 
in grams (wet wt) per m2 

28.4 
18.1 

8.3 

54.8 

Annual 
P/B ratio 

5.3 
4.5 
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Table 6. A summary of published ecological studies of Southern Ocean 
zooplankton. 

Spec!•• 

CRAETOCIIA t1IA 

S.11tt1 HU:llH: 

C&USTACU. 

Aaphlpoda 

Parathe■t1to 1•udlchaud11 

Copepod■ 

Calanoidu 1cutu1 

lhtncalanu.a gfgu 

hphautlacu 

!uphauli■ au perba 

!upheu■ta tri■cantha 

Camf•oToul, eattn1 ulnly copepod1 and euphau1Ud1. · Crowa throughout the Je•r• 

although fnter In ~r. Ac.hte..-e ■ ■eirual 111turltJ tn 1bout l 7e1r . 5pavna ta ■11 

ac,nth1, though a,atb in auaaer. Sull egg■ · rele11ed directly into thr 1e•. Seaacn,■ l 

n.rtlcal aigr■tlon bJ bulk of the population. 

(D .. !d, 1955, 1965) 

T-, aorph1: long-leuH (bhptno1■), and abort-legged (coapre111) foru. Yor■cfoua 

c.arntYore. Wtt11ter papuletlon m■r:lJ t ... t\1re1, althouah a.,, ALlguat 80% an! •t\lte. 

Pe .. le1 brood batch of eut 1 and produce Hveral brood• peT tu-er. Spa.,,,,tn1 ufnl1 

Septe■be-r·-Dece■bet, but can extend further tovard• autuen. \.tttle· grovth o•er winter, 

and life-c.Jc.le probahly laeu only one Jear in aolt 1nd1•1duala. 

(it.ne, 1966) 

llerbS•orOu.. O.ervSnten v:1.thout feeding in deep vat et ■■ 1ta1• IV and Y copepodid• 1 

utiUalng v■~ -reaenee in droplet. Moult to etaae · vi adulu, and rh• to lf:ed in 

1urf■ce vaten in October/'.Nove11ber 1 vhen al.moat all feaales carry eper■ a■c1. Ready to 

1pavn in Nove■ber, and puk. e1,1 production 11 Dece■ber and January. !.arl7 co~podld 

st■gea feed on hlooa, aature to euge Ill or lY with full vas droplet, and de1c.end to 

o-ver\f'inter at depth . Preaence: of tvo peab of stage VI adult& euggeet.1 pouibllity 

th.at egg1 apavned early •Y -ture to adults vf.thtn one •u•er. Alternatively autu•n 

spavntng tn h11her latitudH aay ■erely reflect later t1■1ng of vhole life-)lt ■tory to 

■atch development of tee-edge bloom. Uh-cycle probably tik.ea one year. 

(Andrew, 1966; Voronina, 1969) 

Rerbt•orou■, Overvintera v1thc:,ut feeding in deep vater ae Sup IV and V copepodida. 

State of •turity in sprln& depend• on wter te■p«tetuTe. Around South Georgia. •ture 

in •u.rface vatera in late Move11ber/Dece•ber, Spavn.■ tn Dece■ber around South C..orgt ■, 
hteT in eolder wat~n further ■auth (January ln Yitddell Se•).. However alao 

pe1albtlit1 that the eu• of early epaVHre tn v•r-■er northern 11ate~• .. , .. ture tn one 

aeuon, apawning theuelve ■ ta deep war. water la Hay/Jane, Llfe-cyel• probably t■k•• 

oae yeat. 

(0..Mey, 19)6) 

Probably o■nl•orOU11, thou&h t.ak.tn1 aach ph7toplenlr.ton -1R smaer. Ctovth probably 

confined _to •~a1Nri po■■ibllitJ of ehrinlta1e in winter conhasu •h:e/frequency 

t\tatogr.... Life-eye.le probably ■ore th.an 2, PoHlbly 4. yura. Spavt'la 1n al~-.u-er i 

o..-ary uturu rapidly and eztended apavniq period, 

(Karr, l962i h·eraon, ln pree•c~ 

hobably oan.ivorou■• Crova throuchout the year, but .:,re qlliclr.ly in •u-ei. Spavn,; in 

•Jrln& (the: ovary UTtng -tured d"rlng the pre•tous vtnter). Ltfe-c:ych takes about 

two 7ear■ • 

( laker 1 1951 a' 



Table 6, Continued 

Ky•lt!■c•■ 

APUrtt ocy■h ..,zt• 

CROllDATA 

Thal lace■ 

Salp• thoap■on1 

22 

Probably oanlworou■• Growt.h rapid ln •~r, 1rowth rate ln vtnter unknown but po■alblJ 

■ t■ilar to EupNu■ la trl ■canthll. Spavna tn 2nd ■u-M at South Georat■, brood:lna eag■ 

o•er tha vtater, and rele■■ t■a thue aint 1prta1. Kat:urtty reached after l or , year■ 

further itooth (South Orloey■), and brood ■he reduced thouah eg■ are l■r1er. 

(Vard, ln pre■■) 

hrbtvore. Diurnal lliantton , and -rked ae.a ■onal •eTtical atar■tloo. Wtnten tn deep 

vater, where arovth 11 llow U-1 •/aonth), and there are no l■rg• tndl•tduab la the 

popul■ttOll. l11e to 1tUrhce ln ...-er• when growth h rapid. Frequent ■ee,ru,al t..14dtn1 

lead■ to high nuaben, colonial form, and larp huftvldual1. Life-cycle probably 

about one year. 

(FoKton, 19&6) 
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summer (March/April). With a fu11· wax droplet they then migrate 
downwards to overwinter. Growth and reproduction are thus clearly 
limited to summer; winter is spent without feeding as CIV and CV stages. 
The complete life-cycle takes one year. A similar pattern is shown by 
the dominant copepod of the West Wind Drift, Rhincalanus gigas (Ommanney, 
1936). In both Calanoides and Rhincalanus, the production of eggs and 
larvae is synchronous w1 th the phytoplankton bloom. The breeding season 
is thus later in higher latitudes, and the timing of the life-cycle 
follows the retreat of the melting ice-front (Voronina, 1968). 

A somewhat different physiological strategy is followed by the salp 
~ thompsoni (Foxton, 1966). As with Calanoides acutus, the 
popul"ation winters at depth, but individuals do grow slowly. There are 
no apparent lipid reserves for overwintering, but these are difficult to 
distinguish in gelatinous zooplankton and may not have been accurately 
reported (Clarke, in press a). Perhaps the generalist feeding method of 
salps allows them to obtain some energy in winter. In summer salps 
migrate to surface waters where growth and reproduction proceed rapidly. 
Because salps reproduce both asexually (budding) and sexually, the 
processes of growth and reproduction are partly indistinguishable. 

One of the few studies of a fully carnivorous species of Southern 
Ocean zooplankton is that by David (1955) of the chaetognath Sagitta 
gazellae. This species apparently feeds year-round. · Growth continues 
during winter (at about 5 rmi/month ·from May to November) and there is no 
major lipid reserve (Clarke, in press b). Growth is probably more rapid 
in summer, but the mixture of age classes and the possibility of 
body-shrinkage during periods without food (Reeve et al., 1970) mean that 
interpretation of size/frequency histograms is difficult. Reproduction 
occurs throughout the year (though mostly in summer), and sexual maturity 
is probably reached in about 12 months. 

Like most euphausiids, Euphausia triacantha is omnivorous. It takes 
about two years to mature, and growth continues throughout the year, 
although the rate slows somewhat in winter (Baker, 1959a). Its eggs are 
spawned in spring, allowing newly emergent larvae to feed on surmer 
phytoplankton bloom. Lipid reserves are moderate, and are divided 
roughly evenly between wax ester and triacylglycerol (Clarke, in press 
b), which suggests a partial reliance on lipid for overwintering. 

Antarctomysis maxima develops an ovary during the summer, spawns, and 
broods the eggs over winter. The eggs hatch the following spring. 
Females probably mature within two years. at South Georgia, but take 
longer at higher latitudes (Ward, in press). The amphipod Parathemisto 
gaudichaudii also broods its eggs, but completes its life cycle in about 
one year (Kane, 1966). Again, the timing of larval release coincides 
with the spring phytoplankton bloom; both species store wax ester as well 
as triacylglycerol. 

The wide divergence of life history strategies observed in Southern 
Ocean zooplankton indicates that there is no single answer to the 



- 24 -

problems posed by living in a cold, seasonally productive environment. 
SOIT'e species have short life-spans, others long; some species grow 
year-round, others only in summer; some brood their eggs, others spawn 
directly into the sea. Nevertheless, there is evidently a trend for 
overall growth rates to be slow, longevity to be increased, and 
population turnover to be slow. Although the data for zooplankton are 
sparse, the tendency is very clearly marked among the errant benthos (A. 
Clarke, 1983). This tendency is sometimes termed K-strategy, and is 
expected when major environmental variables are seasonal but predictable 
(see Clarke, 1979). 

Food Habits 

If it is accepted that many species classed as herbivores may also 
feed to some extent on heterotrophic micro-organisms, then the major 
division of trophic modes in the zooplankton are: 

1) herbivores feeding by filtration, also taking microzooplankton or 
bacterioplankton (e.g., calanoid copepods, small euphausiids, and 
salps), and · 
2) carnivores/omnivores, feeding on larger particles or organisms 
(e.g., larger euphausiids, euchaetid copepods, arrow-worms, amphipods, 
polychaetes, pteropods, and larval fish). 

Although the herbivore/carnivore ratio varies seasonally and by area, 
herbivores usually outweigh carnivores (Hopkins, 1971). 

An important biological and physiological difference between these 
two modes of nutrition lies in the seasonal availability of food. 
Although data are scarce, it appears that very low quantities of small 
particulate matter are present in the water column during winter. 
Therefore, most herbivorous species are without food, and must rely on 
lipid reserves synthesized the previous summer (Clarke, in press b). 
These lipid reserves can be large and are frequently composed of wax 
ester, as shown by calanoid copepods. In contrast, ooinivorous or 
carnivorous zooplankton can maintain low levels of feeding during winter, 
hence avoiding a need for a lipid store (Clarke, in press b). 

The Southern Ocean Food Web 

A traditional explanation for energy pathways in the Southern Ocean 
has been linear: 

phytoplankton (diatoms) O ~ superba O krill consuners 

It is now increasingly clear that the Antarctic marine system is much 
more complex. Antarctic krill, although certainly of major importance 
ecologically and colllllercially, may not be as absolutely pivotal as 
previously thought. Changes in our understanding of interactions between 
marine organisms have taken place throughout the Southern Ocean food 
web. We now know that autotrophic production is by no means limited to 
diatoms and dinoflagellates; it is likely that there is a COfTl)lex 
bacterial/microzooplankton community important in grazing and 
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remineralization; there is substantial input to the system from the 
ice-associated flora and. fauna; and other macrozooplankton herbivores 
(most notably copepods and salps) are at least as important ecologically, 
and perhaps more important than krill in some areas (Clarke, in press 
b). A speculative food web for the Southern Ocean, .incorporating some of 
these changes in emphasis, is shown in Figure 1. 

Primary production 

Southern Ocean primary production varies widely between sites 
(Whitaker, 1982). Recent studies have shown that in addition to diatoms, 
groups such as dinoflagellates, silicoflagellates, and several other 
autotrophic organisms are present in the Southern Ocean (Buck and 
Garrison, 1983). Significant primary production occurs in trop1cal 
waters in very small photosynthetic eukaryotes (Li et al., 1983). The 
discovery of flagellates smaller than 3 microns in Weddell Sea waters 
(Buck and Garrison, 1983) suggests that these organisms may also be 
significant in the Antarctic. Because many of these organisms pass 
through the filters routinely used in the determination of 14c_ 
fixation, primary productivity may have been underestimated. 

There have been several attempts to estimate total open-ocean annual 
primary production in· waters south of the Antarctic Convergence 
(summarized in Everson, 1977). A frequently quoted figure is 6400 
million tons ( wet weight) per annum (Holm-Hansen et al., 1977). This 
figure, however, is derived from l4c_ · fixation data obtained in open 
waters. It is likely that production by very small autotrophs may have 
been missed (see von Brockel, 1981). In addition,· such estimates may 
fail to account for carbon fixation by ice-associated algae. Sea-ice can 
contain a very high biomass of phytoplankton, most of which is released 
as the sea-ice melts. The quantitative importance of this phenomenon is 
as yet undetermined, but studies in both the Arctic and Antarctic have 
shown that intense blooms develop in the wake of the melting- ice front 
(Horner, 1976; Niebauer et al., 1981). Studies of dynamics of the pack 
ice ecosystem are currently underway (e.g., At-ERIEZ program in U.S.). 

Obtaining reliable estimates of the Southern Ocean primary 
productivity remains a challenge. Foxton (1956) and Hopkins (1971) 
demonstrated a high zooplankton biomass in the Southern Ocean which must 
be supported by a high annual plant production. It is reasonable to 
conclude that a large zooplankton biomass growing and producing gametes 
in su11V11er requires a large input of energy from food. The potential 
problem that data for open-ocean carbon fixation may be too low leads to 
the assumption that the Southern Ocean is no more productive than 
elsewhere (despite evidence of high zooplankton biomass). Perhaps the 
paradox will be resolved when better quantitative estimates of production 
by picoplankton (common to all oceans) and ice-associated algae (unique 
to polar regions) become availale. 
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Fig. 1. A proposed food web for the Southern Ocean. 
Clarke, in press a). 
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Dissolved organic matter, microheterotrophs, and the microzooplankton 

The fate of fixed carbon in the Southern Ocean is poorly understood, 
but studies from other seas suggest that a sizeable fraction . enters the 
pool of dissolved organic carbon where it is utilized by heterotrophic 
bacteria. The proportion of fixed carbon released by phytoplankton 
varies widely between l to 69.7% from different areas (none polar) (Joint 
and Morris, 1982). Nutrient status is an important factor in governing 
this release, and modern techniques of estimating microbial biomass and 
production have shown that the marine microbial fauna is intimately 
linked to · phytoplankton biomass. Dissolved organic carbon is also 
utilized by heterotrophic microflagellates (see Azam et al., 1983; Linley 
et al., 1983). Very little is known about Southern Ocean dissolved 
organic carbon or bacteria, although open ocean heterotrophic bacterial 
activity appears to be comparable with other areas of the world (Morita 
et al., 1977; Bolter and Dawson, 1982). FLi"lrman and Azam (1980) reported 
an average bacterial cell number of 5.4xlo8 cells/liter from the 
Antarctic, which is comparable with v·alues from other seas (Williams, 
1981). 

Grazing by microzooplankton is a process of major significance. 
Ciliate protozoans, microflagellates, and pelagic rotifers can 
potentially remove a large fraction of daily plant production (see 
Caprulio and Carpenter, 1980, 1983) • Linley et al. (1983) speculated 
that between 20 and 60% of primary production passes to the microbial/ 
microzooplankton community. Williams (1981) suggested from model 
calculations that twice as much carbon reaches the next trophic level 
through microheterotrophs as that passing through larger· herbivores. 
Despite the lack of information on Antarctic microbial/microzooplankton 
cormiuni ties, recent studies indicate that ciliates anc:l choanoflagellates 
will prove to be important grazers (Buck and Garrison, 1983; Hewes et 
al., in press). 

Macrozooplankton 

Knowledge of Antarctic macrozooplankton other than E. superba is so 
fragmentary that any discussion of their role in the fooaweb can only be 
speculative. It is certain that, as in other oceans of the world, 
grazing by copepods is important. Indeed, in the Pacific Ocean sector 
copepods are probably the major macroplankton consumers of the 
phytoplankton bloom near the ice-edge. Salps are also very efficient 
grazers, and their fecal pellets are a major source of food for the 
benthos. Problems in estimating accurately the biomass of gelatinous 
zooplankton (salps, medusae, ctenophores, and siphonophores) continue to 
confound efforts to quantitatively describe this part of the food web. 

The presumed slow growth rates of zooplankton in winter suggust that 
populations may be . resource-limited seasonally; If sullVTier populations 
are food-limited as well, the effects of exploiting a single component 
will be very different from the effect of harvesting a population with an 
unlimited food resource. Until more is known about interactions in the 
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Southern Ocean food web, predicting the effects of harvesting one or more 
components will be very difficult. When a better understanding of the 
annual primary production, the utilization of the primary production by 
the microzooplankton community, and the competitive interactions between 
the various macrozooplankton species is obtained we will be in a position 
to make informed judgments about the likely consequences of developing 
fisheries. At present, we cannot determine the manner in which 
perturbations such as krill harvesting will alter the interactions within 
the Southern Ocean food web. For this reason, Antarctic fisheries should 
only develop in small increments, accompanied by careful oonitoring of 
selected indicator species as outlined in the companion document to this 
paper (Bengtson, 1984). 
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CHAPTER 3: ANTARCTIC KRILL 

Introduction 

Of the six common euphausiid species in the Southern Ocean (E t.phausia 
crystallorophias, I:_ fri gida, I:_ superba, I:_ tricantha, I:_ vallentini, 
and Thysanoessa macrura ) , I:_ superba, the Antarctic krill, is the roost 
abundant and the focus of much scientific and col1Vllercial interest. The 
following review will primarily consider Antarctic krill, although some 
referenc~ will be made to the other euphausiids (throu,;ihout this paper 
the· term "krill" refers to I:._ superba). Further information on these 
species can be found in the following chapter as well as in John (1937), 
Nemoto and Nasu (1958), Baker (1959a), Marr (1962), and Baker (1965). 
Mauchline and Fisher's (1969) treatise on the biology of euphausiids has 
been recently updated by Mauchline (1980). 

Despite the · intensive research effort directed at I:._ superba, our 
knowledge of most aspects of the distribution and biology of krill is 
incomplete. As available information increases, however, improvements in 
sampling procedures and experimental techniques are occurring. These 
advances will allow further progress. Furthermore, the notion of the 
Southern Ocean as a relatively simple ecosystem dominated by a short food 
chain of primary production-krill-higher predators has been replaced by 
roore complex trophic models. Changing ideas about interactions between 
the many components of the ecosystem are casting doubts on previously 
held assumptions as well as highlighting areas for future research. 

Distribution 

Geographic distribution 

The distribution of krill was reviewed by Deacon and Baker (1980). 
Everson (1977) presented a detailed account of the distribution of eggs 
and early larvae, the vertical and horizontal distrioution of the adults 
and also the · various theories for the control of distribution. 
Generally, h superba is distributed in a circunpolar band bounded to the 
north by the Antarctic Convergence. Krill have been reported north of 
the Convergerce (Dall and Dunstan, 1957; Sasaki et al., 1968; Mackintosh, 
1973) and also in a Chilean Fjord (Antezana et al., 1976) but these 
occurrences are probably aberrant. Major concentrations of krill occur 
in the East Wind Drift, Weddell Sea Drift, South Georgia area, 
Bellingshausen Sea, north of the Ross Sea, and near the Kergeulen 
Gaussberg Ridge (Marr, 1962; Nemoto, 1968; Mackintosh, 1973). The 
regular occurrence of such concentrations may indicate the existence of 
distinct populations or races (Makarov, 1974). 

Although krill spawns throughout its range, Mackintosh (1973) cited 4 
areas containing concentrations of the early larval stages: the East 
Wind Drift, Bransfield Strait area, and two divergence zones in the 
Scotia Sea and Weddell Drift. There are several theories to explain the 
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distribution of such concentrations. Marr ( 1962) suggested that krill 
maintain approximately the same position throughout their life. This 
result could be accomplished by swinvning against prevailing surface 
currents or by vertically migrating between opposing currents. The 
latter seems unlikely as many krill observations indicate a maximun depth 
of approximately 250 m even though there are reports of krill at deeper 
depths ( Shevtsov and Makarov, 1969). It is also possible that 
small-scale eddies around islands or submarine ridges could maintain 
krill in localized areas (Khvatskiy, 1972; Makarov, 1972). 

Krill may also be carried by larger currents in a circulation pattern 
that maintains the concentrations. Examples of such patterns may be 
evident in the Weddell Sea, Ross Sea, and Kerguelen Gaussberg Ridge area 
(Marakrov, 1972). Makarov (1972) expanded on the early suggestions of 
Ruud (1932) for the Weddell Sea: he postulated that after spawning near 
the South Orkney Islands, la=vae drift clockwise around the Weddell Sea 
twice before spawning in the South Orkneys. Fevolden (1979) indicated 
that it took 3 years for krill in the Weddell Sea to reach maturity. He 
also felt that size frequency analyses suggested that the Weddell Sea 
population was different from those further north. The distinction of a 
Weddell Sea population or sub-population was hypothesized by Maslennikov 
and Soliankin (1980) as well. 

A very different area containing krill concentrations is that around 
the island of South Georgia. Marr (1962) felt that krill did not spawn 
successfully in . this area and that the population originated elsewhere. 
Deacon (1937) reported Weddell Sea water flowing along the northeast side 
of South Georgia, indicating that the local population may have orginated 
in the Weddel Sea (Marr, 1962). However, the frontal zone between the 
Weddell Drift and the West Wind Drift is now thought to be well south of 
the island (Boganov et al., 1969). Hence, the krill population off South 
Georgia is now thought to originate from a source or sources other than 
the Weddell Sea. Everson (1976) concluded that the evidence for krill 
off South Georgia originating in the Bellingshausen Sea or Bransfield 
Strait was at best circumstantial, and Kock and Stein (1978) indicatea 
that these krill did not originate in the Eastern Bellingshausen Sea. 
Therefore, the origin of krill from South Georgia remains difficult to 
ascertain. 

Stock identification 

Understanding the existence and degree of isolation of discrete 
populations within the circ~mpolar distribution is a key factor in 
understanding krill population dynamics. Identification of populations 
through protein (enzyme) electrophesis has been atteq)ted with samples of 
krill by Fevolden and Ayala (1981) and Anderson (1982). Measurements of 
enzyme polymorphism from the Bellingshausen Sea revealed a relatively low 
level of genetic variation (Ayala et al., 1975). Fevolden and Ayala 
( 1981), however, found a higher level of genetic variation in a krill 
sample from the Weddell Sea. These preliminary studies have formed the 
basis for work currently being undertaken. It seems likely that genetic 
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_differences between geographic populations of krill may exist, although 
the degree of isolation of the various populations is unknown. 

Abundance 

Standing stock estimates by area 

The only large-scale estimate of the abundance of I:._ superba by area 
was conducted by an international, multi-ship field effort entitled FIBEX 
(Hempel, 1983). A second phase of this program, SI BEX is currently 
underway. The following discussion is abstracted from a preliminary 
report of -FIBEX estimates of krill abundance (Hampton, 1983). Table 6 
presents estimates of the biomass and mean density of krill for each of 
the 5 FIBEX areas surveyed: 

i) w. Atlantic Sector: ca. 65°w - 35°w, 55o - 65°s 

ii) Indian Ocean Sector A: ca. 15DE: - 6QDE, ca. 6□0s - 65°S 

iii) Indian Ocean Sector B: ca. 60°E - 750E, ca. 6oos - 65°s 

iv) Pacific Sector A: ca. 1200E - 130°E, ca 60°s - 65os 

v) Pacific Sector B: ca. 1600[ - l65°E, ca. 60° - 65°s 

The total area surveyed encompassed approximately 2.1 million square km. 
In the West Atlantic Sector, highest densities occurred in the Bransfield 
Strait and near Elephant Island; lowest densities were present in the 
Southern Scotia Sea and the Drake Passage. High densities generally 
occurred around islands or over shelf areas whereas lower densities were 
found over deep water. One block of the Sector ( near Elephant Island) 
covered an area of only 9% of the Sector but contained approximately 27% 
of the biomass observed. In the Indian Oceah Sector, highest densities 
occurred close to the continent with density and abundance generally 
increasing from west to east. In that Sector, 3 blocks, comprising only 
8% of the total area surveyed, contained approximately 67% of the total 
estimated biomass. Both areas contained at least one · very large swarm 
( superswarm). Hence, superswarms may contain a signi fie ant proportion of 
an_ area's krill biomass during the sU/lVller. The FIBEX survey also 
indicated a relatively high abundance of krill in the Indian Ocean Sector 
B, an area which has been little studied. 

Total biomass 

The estimation of krill biomass is complicated by the large 
geographic range of the species and a highly variable density of krill, 
resulting from its swarming behavior. Marr (1962) estimated a mean 
biomass of 2. 5g/m2 based on visual observations. He also recalculated 
data from Heyerdahl ( 1932) and increased this figure by an order of 
magnitude. If these estimates are assumed to be representative of the 
East Wind Drift and the Weddell Drift regions, they lead to an 
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Table 7. Estimates of the biomass and mean density of Euphausia 
superba for all sectors of FIBEX. These figures are point estimates 
within a particular season; abundance 1$ known to vary between 
seasons. Data abstracted from Hampton ·(1983). 

Sector Area Biomass± standard deviation Mean density 

(millions of tons) 

W. Atlantic 1.03 11.33 ± 1.15 11.0 

Indian A 1.89 11.77 ± 2.26 6.2 

Indian B 0.89 54 .12 ± 19 .35 60.8 

Pacific A 0.34 0 .12 ± 0.05 0.4 

Pacific B 0 .41 0.25 ± 0.05 0.6 

All sectors 4.56 77.59 ± 19.51 17 .o 



-:- 33 -

extrapolated estimate for total Antarctic biomass of 44. 5 - 521 million 
tons (Eveisont 1977). Makarov and Shevtsov (1972) estimated a total 
range of 953 · - 1350 million tons, and Everson (1977) converted the 
estimate of Gulland (1970) to a wet weight · of approximately 750 million 
tons. In making this estimate, krill were assumed to account for 50% of 
total zooplankton biomass. However, Voronina and Naumov (1968) and 
Voronina et al. (1979b) reported that euphausiids accounted for only 
about 10% of their catches. Further direct estimates of biomass are 
available from the FIBEX data summarized in Table 6 (Hampton, 19.83). The 
estimate of total biomass for the area surveyed during FIBEX is 77.59 + 

19.51 million tons. Although this estimate is unsuitable for 
extrapolation to ·the entire Southern Ocean · because sampling was 
non-random, a tentative figure of 200 to 600 million tons for the total 
biomass of~ superba has been suggested (Harrpton, 1983). 

Everson (1977) summarized indirect estimates of krill biomass 
calculated from estimates of primary production and consumption by krill 
predators. Using a value of 50 g c/m2 as an estimate of primary 
productivity, he calculated a wet weight for krill of approximately 
10,000 million tons/year. Everson (1977, in press a) also has collated 
estimates of krill consumption by higher predators. Predators were 
estimated to consume less than 200 million tons of krill annually (see 
food habits sections in following chapters). Although these estimates 
suffer from insufficient information on predators' nabits, squid and fish 
in particular, they are useful in providing another approach in 
approximating krill biomass. 

Molting and Growth 

The first studies of molting per se c~rised the maintenance of low 
nunbers of individuals in laboratory aquaria (Mackintosh, 1967; McWhinnie 
et al. , 1976; Clarke, 1976). These authors reported very low growth 
rates which they considered unrepresentative of conditions in the field. 
Although recent studies have used improved techniques, low, zero, or even 
negative growth in the laboratory are still the norm rather than the 
exception (Murano et al. , 1979; Buchholz, 1982; Ikeda and Dixon, 1982a; 
Poleck and Denys, 1982; Morris and Keck, in press). Together, these 
authors have provided data on the relationship between the intermolt 
period (IMP) and temperature (Clarke and Morris, 1983) (Fig. 2). 

Nunerous models for the growth of ~ superba have been constructed 
using analyses of the size frequency distribution of samples (Ruud, 1932; 
Bargmann, 1945; Marr, 1962). These were sUITITlarized by Mackintosh (1972) 
and Everson (1977). Baker•s· (1959a) study of the growth of E. tricantha 
provides a useful comparison. All growth models for krill suffer from a 
lack of information on krill longevity and overwintering feeding 
strategy. The early models for growth curves indicated .a 2-year life 
spant although the presence of an "intermediate group" of krill (Marr, 
1962J complicated the interpretation. This group may represent an 
additional year class (Ivanov, 1970), an effect of early or late spawning 
(Mackintosh, 1972), the result of the mixing of krill from different 
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Fig. 2. Relationship between intermoult period and temperature for 
Euphausia superba. Reproduced from Clarke and Morris (1983). Open 
circles, data from Mackintosh (1967), Murano et al. (1979), Ikeda 
and Dixon (1982a), Morris and Keck (in press). Horizontal bars show 
the range of temperatures, vertical bars are standard deviations. 
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geographic areas (Makarov, 1971), or some effect of overwintering body 
shrinkage (Ikeda and Dixon, 1982a). 

Analysis of body size suggested that the life span of E. superba 
ranges from 2 years (Rudd, 1932; Bargmann, 1945; Marr, 1962) to 3 years 
(Marr, 1962; Ivanov, 1970). These estimates have been cast into doubt by 
the observations of post-spaw:1ing reversion to immature forms (Mcwhinnie 
and Denys, 1978) and postulated shrinkage overwinter (Ikeda and Dixon, 
1982a). · Year-round morphometric data from krill at Admiralty Bay affirm 
an apparent seasonal body shrinkage (Stepnik, 1982) (fig. 3). 
Etterschank (1983), using an analysis of the age pigment lipofuscin, 
detected' the presence of 5 year classes in a krill population at Prydz 
Bay. If krill do indeed exhibit seasonal shrinkage, the use of body 
length for age determinations might lead to underestimates of krill 
ages. further evidence of a greater longevity than previously estimated 
comes _from the maintenance of a nominally 2 year old krill specimen for a 
period of 5 years in the laboratory (Ikeda, · unpublished data). The 
extent to which krill survive to 5 years and more in the field is as yet 
unknown, but further studies using the measurement of lipofuscin promise 
greater insights into the age structure of krill populations in various 
locations. 

Until the questions of longevity and overwintering strategy are 
resolved, a convenient framework within which to work are the 
hypothetical curves of Mauchline (1980) which provide for growing seasons 
of 120; 150, and 180 days. The latter model was used by Clarke and 
Morris (1983) in their preliminary summmer energy budget for krill off 
South Georgia. These authors also report that the increase in median 
length of samples taken from a patch off South Georgia in the summer over 
6 consecutive days was of the order of that predicted by Mauchline 
(1980). This 6-day study also resulted in models of both feeding (Morris 
and Ricketts, 1984; · Morris et al., in press) and molting (Morris, in 
prep). Such studies indicate the feasibility and value of research 
monitoring a patch of krill over relatively long periods. 

Behavior 

The characteristic formation of dense aggregations by Antarctic krill 
is well known. Several terms have been applied to these groups, 
including schools, swarms, shoals, and superswarms (Mauchline and fisher, 
1969; Mauchline, 1980). The phenomenon itself is of great importance, 
for aggregating is a key feature of the krill's ecology and affects 
krill's commercial exploitation, consumption by predators, and estimation 
of abundance. 

The underlying mechanisms governing the formation, persistence, and 
dispersal of aggregations are not clear. There is evidence that feeding 
and molting behavior are linked to aggregations (discussed later). Marr 
(1962) and Naumov (1962) suggested that some aggregations may be spawning 
concentrations. Shust (1969), Nakamura (1973), Iarogov (1979), and 
Kubota (1981) indicated that light intensity may be involved in 
aggregating behavior. But observations of krill aggregations at the 
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Fig. 3. Annual changes in the body size distribution of Antarctic 
krill (Euphausia superba) collected monthly in Admiralty Bay, King 
George Island, South Shetland Islands. (From Stepnik, 1982) . 
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surface during the day (Ozawa et al., 1968) appear to conflict with that 
idea. Ruud (1932), Beklemisher (1961), and Boganov (1974) suggested that 
turbulence and eddy currents may form swarms. Everson (1977) considereQ • -
the effects of such small-scale currents rrore applicable to areas of 
"high average abundance" such as superswarms. 

Aggregation size and density 

The sizes and shapes of krill aggregations range from swarms a few to 
a few hur:1dred meters across the maximun dimension (Marr, 1962; · Witek et 
al. , 1981 ; Hamner, in press) to patches covering several hundreds of 
square km containing a high abundance of krill in swarms (Mauchline, 
1980; Everson, 1982). Considerably smaller areas of very high abundance 
have been termed superswarms. Macaulay (1981) estimated that a 
superswarm off Elephant Island in 1981 contained a biomass of some 
million tons of krill. 

Estimates of krill density in aggregations vary considerably, as a 
function of both the type of aggregation and the methodology used in the 
estimation. Estimates using acoustic detection in conjunction with net 
hauls range from 10 - 16 kg/m3 (Moiseev, 1970), "4=> to 15 kg/m3 11 

(Makarov et al., 1970), to 33 kg/m3 (Nemoto and Nasy_., 1975). Mathisen 
and Macaulay (1983) reported peak values of 16 kg/mL for a superswarm 
off Elephant Island. · If krill were evenly distributed throughout the top 
100 m, that figure would represent an average density of approximately 
160 g/m3. Everson (1982), working on a patch off South Georgia, 
reported densities of approximately 10 individuals/m3 at night (krill 
dispersed throughout the water colunn) and approximately 145 
individuals/m3 by day (krill concentrated in swarms). When 
extrapolated with echosounding data, these values yield estimates for 
density in swarms of approximately 0.1 - 30 km/m3. Hamner et .al. 
(1983) reported diver visual estimates of 20,000 - 30,000 m3 per school 
of krill. Although the shape of schools varied, typical dimensions were 
100 m long, 3 - 4 m wide, and 10 m deep. · If, as suggested by Marr 
(1962), the majority of krill biomass is contained in aggregations, then 
understanding the structure, function, · and density of these groups will 
be of great importance in further studies of krill ecology. 

Swarming, feeding, and molting 

One of the major functions attributed to the formation of krill 
aggregations is that of feeding. Shust ( 1969) suggested that swarming 
was a transient phenomenon specifically related to feeding. Pavlov 
(1969) proposed a model relating feeding, vertical migration, swarming, 
and dispersion in a regular cycle. · He suggested that feeding and 
swarming were mutually exclusive events. Morris et ·al. (1983) presented 
laboratory evidence of a marked decrease in · filtration rate· as krill 
density rose. In contrast, Antezana and Ray (in press) suggested feeding 
and swarming occur simultaneously. These authors felt that superswarms 
have an adaptive value for locating and exploiting ephemeral, patchy food 
resources. Morris et al. (in press b) found no effect of the presence of 
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swarms on the levels of chlorophyll found in the alimentary tracts of 
krill. These authors, however, expressed reservations about the 
interpretation of chlorophyll levels in krill caught in nets because 
chlorophyll turnover rates in the gut are on the order of minutes 
(Morris, in press). 

Feeding studies off South Georgia have indicated the importance of 
molting behavior in relation to both feeding and swarming (Morris and 
Ricketts, 1984; Morris et al., in press). Feeding and molting are 
mutually exclusive events, b~t there is some evidence for synchronous 
molting within swarms, implying a prolonged group homogeneity. Morr is 
(in prep.) modelled the relationship among environment, feeding, molting, 
and swarming for krill off South Georgia. This model reproduced in a 
simplified form in Figure 4. The occurrence of krill in swarms does not 
imply the absence of krill in the aispersed state. A small vertical 
migration in swarms at night, accompanied by an increase in the mean 
horizontal chord of the swarms, is paralleled by a rise to the surface 
layer. Molting occurs both in the afternoon and during the night. 
Morris' model is presented as an example of the hypothetical interactions 
among molting, swarming, and feeding rather than a system applicable to 
krill in all areas. 

Daily and Seasonal Movements 

Closely linked to the mechanisms affecting the formation of 
aggregations is the vertical migration of krill (Everson and Ward, 
1980). The vertical migration of I:_ superba is not from deep water in 
the day to the surface waters at night as found with h tricantha or h 
frigida (Mauchline and Fisher, 1969). The ooserved patterns of vertical 
miQration in E. superba are varied but occur primarily in the top 100 m 
(Fig. 5). Ooserved migration patterns include diurnal changes in the 
depth of swarms, dispersion and aggregation, and migration to the surface 
at night (Pavlov, 1969; Fischer and t-'Dhr, 1978; Everson, 1982, in press 
a). 

Horizontal movements of krill have been reported at speeds of some 6 
- 30 cm/s (Kils, 1979; Hamner, in press), with higher speeds occurring 
during escape reactions (Hamner et al., 1983). The observed variation in 
swimming speeds related to size have -been postulated as a possible 
sorting mechanism for swarms (Kils, 1981; Hamner et al. , 1983). On a 
broader scale, Kanda et al. (1982) tracked 2 swarms of krill swirmiing 
for 74.5 km and 186.6 km at average speeds of 0.42 - 0.47 km/h and local 
speeds of 1. 21 km/h. The authors consider these to be examples of 
spawning migrations. This sustained horizontal movement was probably 
against northwesterly current (indicated by iceberg movement) of 0.29 
km/h. 

An oversimplified extrapolation provides some indication of the 
potential scope of krill horizontal migration. Ignoring any reduced or 
increased speed over the ground due to currents, a sustained migration at 
approximately 0.48 km/h would be equivalent to more than 4,000 km per 
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Fig. 4 . A model of -the relationship between feeding, swarming, 
vertical migration and moulting for Euphausia superba off South 
Georgia, 
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Fig. 5. Euphausia superba. Diurnal variation in krill dispersion 
within the water column for a patch of krill over the South Georgia 
continental shelf (depth < 350 m). The upper level is the mean depth 
of the top of swarms, within a 2-h time block, the lower level is the 
mean depth of the bottom of the swarms (redrawn, with permission, from 
Everson, 1982). Bar marks the period of darkness. (From Morris, Ward, 
and A. Clarke, 1983). 
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year. Such possibilities emphasize the need to understand the 
aggregations and movements of h superba both as a localized phenomenon 
and as a potential factor in its distribution. 

Reproduction 

Comprehensive descriptions of the reproductive biology of E. superba 
were given by Fraser (1936) and Bargmann (1937), with ageneral ized 
summary for euphausiids in Mauchline and Fisher (1969). Gravid_and spent 
females are reported between November and April indicating a peak of 
spawning activity in February and March (Mackintosh, 1972). The timing 
of peak spawning is affected by latitude (northerly areas peak earlier) 
and by annual temperature variation (Makarov, 1973). During warm years 
the early disappearance of sea-ice leads to an early phytoplankton bloom, 
an early start to the growing season, and an earlier krill spawning 
period. Makarov (1975, 1976) also reports a difference in the timing of 
spawning between first- (late season) and second- (early season) time 
spawners. 

There is a wide range of estimates for the fecundity of h superba, 
dependent upon the techniques used for estimation (Mauchline and Fisher, 
1969; Makarov, 1975). These are summarized by Everson (1977) who 
explained that some of the highest estimates, for example, Bargmann's 
( 1937) estimate of 11,000 eggs, may be an indication of all the eggs in 
the ovary, at various stages of development, rather that an indication of 
the number of eggs released at a given time. This problem occurs in a 
number of estimates of fecundity, as does confusion over the size of the 
eggs counted. Naumov (1962) quoted a maximum egg number of 3,590 which 
Everson calculated to be equivalent to approximately 60% of the body 
volume if all eggs counted were the size given by Naumov. Everson (1977) 
pointed out that some eggs counted. were released in a second spawning 
season; this pattern emphasizes the need to distinguish between estimates 
of seasonal and total fecundity. Kikuno (1981) timed spawning as 
occurring in approximately 50 minutes, and estimated 1,140 - 1,688 eggs 
released per female. Denys and McWhinnie (1982) measured 2,200 - 8,800 
eggs released per female in biphasic spawning in the laboratory. The 
spawning periods occurred 14 days apart, with post-spawning regression to 
juvenile maturity stages over a period of some six weeks. Recent work by 
Ross and Quetin (1983) suggests multiple spawning (9 - 19 times) in a 
season, with an interval of approximately 7 days. These authors 
estimated that approximately 2,500 eggs were released per female per 
spawning event. Jazdzewski et al. (1978) estimated a fecundity of 2,300 
- 13,500 eggs. Clarke (1980), using a biochemical estimate of fecundity, 
indicated the production of·some 7,000 - 15,000 eggs. It seems likely, 
therefore, that perhaps 1,000 - 2,000 eggs are released per spawning, and 
that repeat spawnings during a season will raise the total number of eggs 
produced to the upper ranges of egg production estimated by various 
authors. These seasonal high estimates of fecundity rust be combined 
with data on the longevity of krill to estimate life time fecundities. 
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Several other aspects of krill reproduction are being investigated. 
A simple classification of the stages of sexual maturity has been devised 
(Makarov and Denys 1 1981) allowing the · comparison of both samples and 
populations. Mcwhinnie et al. (1979) were able to maintain krill in the 
laboratory over winter and observe changes in body size, mating, and 
spawning. George (1980) has suggested that pressure is of importance in 
the development of the early stages of krill; however, Kikuno (1981) 
observed egg development at atmospheric pressure. He reported a hatching 
period of 7 days ( followed by an 118 day development to meta-nauplius 
stage), which agrees closely with a calculated hatching period of 8 - 9 
days (Mackintosh, 1972). · The energetic costs of reproduction in krill 
are little known, but current estimates have been incorporated into a 
recent energy budget (Clarke ~nd Morris, 1983). 

Fraser (1936) described the life histories of young stages and 
Bargmann (1945) those of the aoolescents and adults. Mackintosh ( 1972) 
suggested that the life cycle is related to ice and water conditions. An 
overall description of the natural history and geography of the species 
is given by Marr (1962). 

Eggs (approx. D. 7 rm1 diameter) are spawned at the surface between 
November and April, with a peak in February-March (Everson, 1984a); eggs 
sink, undergo cleavage I and hatch at depths up to approximately 1800 m. 
The hatched nauplii rise, develop through a metanauplius stage, and reach 
a calyptopis stage at the water surface. There are three calyptopis 
stages (length approx. 1 - 5 rm1), followed by 5 furcilial stages (5 - 11 
flVTl); post-larval adolescent krill (12 - 35 rrrn) and adults (35 - 60 rrrn) 
occupy approximately the top 100 m during a 2-year development to 
reproductive maturity. 

The timing of the above stages and the depth ranges occupied by each 
apparently varies between areas. Siegel (1982) reported a delay in the 
timing of spawning in the East Wind Ori ft area of the Southern Weddell 
Sea compared to the Antarctic Peninsula/Scotia Sea region. In addition, 
he indicated that it takes 3 years for krill to reach sexual maturity in 
this region (as suggested by Fevolden, 1979), compared to two years in 
more northerly populations. The maximum depth recorded for eggs (approx. 
1800 m) may either be the result of the physical limitations on sinking 
eggs (such as the boundary of the Antarctic Bottom Water) (Voronina 1 

1974) or it may represent the maximum depth from which larvae can 
successfully migrate to the surface water without exhausting their 
limited food reserves. Early suggestions that spawning occurs on the 
bottom in the shelf zone (Fraser, 1936) or that spawning occurs primarily 
in the shelf zone (the early larvae being transported from the shelf to 
oceanic waters in the Cold Bottom Water) (Marr, 1962) have been 
superceded. It is now thought that spawning occurs primarily in oceanic 
waters, probably throughout krill's geographic range (Voronina, 1974). 

Following the period of larval i;levelopmental ascent (a phenomenon 
also characteristic of other Southern Ocean euphausiids such as E. 
frigida, h tricantha, and Thysanoessa (Makarov, 1978)), adolescent ano 
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adult Antarctic krill occupy the surface layer above the warm Deep Water 
(Marr, 1962). There are, however, some records of krill below this top 
100 m layer (Pavlov, 1969; Shevtsov and Makarov, 1969; Permiten, 1970; 
Fischer, 1976; Nast, 1979). In . contrast, h frigida and h tricantha 
have vertical migration patterns which daily take them from the Warm Deep 
Water to the surface waters at night. 

Food Habits 

Many·types of food have been found in the stomach contents of krill, 
ranging in size from phytoplankton, such as diatoms or dinoflagellates; 
microzooplankters, such as tintinnids and radiolarians; to larger 
zooplankton species, usually found as fragments (Barkley, 1940; Hart, 
1934: Hustedt, 1958; Marr, 1962; Nemoto, 1968). Krill are also reported 
as feeding on detritus (Pavlov, 1971), algae on the underside of sea ice 
(Hamner, in press), and other .krill in laboratory settings (Mcwhinnie and 
Marciniak, 1964). Whereas krill is often considered an herbivore in a 
simplistic phytoplankton-krill-predator food chain, it is probably more 
accurate to think of krill as an omnivorous species which consunes 
phytoplankton heavily during the spring bloom. 

Seasonal aspects of the feeding ecology of krill are characterized . by 
sharp fluctuations in primary production and phytoplankton abundance 
between summer and winter. In early summer the phytoplankton bloom is 
dominated · by larger species of algae, whereas smaller species are 
prevalent in both biomass and primary production during the rest of the 
summer. The versatile feeding mechanisms of krill (Kils, 1983) probably 
allow the exploitation of both types of phytoplankton. During winter, 
when both phytoplankton biomass and primary production are - low, an 
alternative feeding strategy is required. Krill apparently can switch 
from detritus-feeding omnivory or carnivory to utilizing their own body 
protein (leading to body shrinkage). 

The degree of herbi vary in the summer is less clear, but likely is 
high. In the winter, when both primary production and the standing crop 
of phytoplankton are low, krill employ a different feeding strategy. 
Unlike the strictly herbivorous h crystallorophfas, which synthesizes an 
overwintering store of wax ester during the summer (Littlepage, 1964), E. 
su~erba stores lipid as triacylglycerol rather than wax ester (A. Clarke, 
19 O, in press a) and there is only equivocal evidence for the synthesis 
of an overwintering lipid store. The absence of such a store means that 
krill must survive either by feeding omnivorously (including ice algae) 
or, as suggested by Ikeda and Dixon (1982a) by metabolizing body 
protein~ Field data on the overwintering strategy of krill are scarce, 
but krill with chlorophyll in the alimentary tract have been observed in 
late winter (Morris, unpublished data). Other krill, observed earlier in 
winter had empty alimentary tracts. Perhaps krill metabolize body tissue 
in the absence of food, and utilize food resources from sea-ice algae to 
detritus when they become available. 
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A greater appreciation of the potential feeding strategies of krill 
can be obtained from an examination of their feeding apparatus. Proposed 
feeding mechanisms of krill can be grouped into two models: a mechanical 
sieve model (Kils, 1982; McClatchie and Boyd, 1983) or a model surface 
chemistry and particle electrical charge model (Clarke and Morris, 
1983). The mechanical model explains the selectivity of particles size 
observed in krill (Meyer and El-Sayed, 1983; Morris, in press). In the 
other model, the major water flow is over rather than through the mesh, 
thereby reducing the theoretical energy costs of pumping large amounts of 
water through a fine mesh mechanical sieve. 

Estimates of the filtration rates of krill vary from tens of 
milliliters per hour to tens of liters per hour, depending upon the 
experimental technique employed (Morris, in press). It is likely that 
the actual amounts of water filtered are of the order of liters per hour, 
but until the mechanisms of filter feeding and the degreee of omnivory 
are understood, our knowledge of the energetic costs of feeding activity 
will remain limited. The importance of such an t.nderstanding is 
illustrated by the possibility of krill filtering nanoplankton (less than 
20 un diameter) as postulated by Kils (1982), McClatchie and Boyd (1983), 
and Clarke and Morris (1983) and later observed by Morris (in press). 
Access to nanoplankton as a food resource could be of great importance in 
the overall feeding strategy of £.:.. superba. In 24 stations in the 
Bellingshausen Sea and off South Georgia, nanoplankton comprised 
approximately 70% of the phytoplankton biomass (Von Brockel, 1981). 
Nanoplankton was also responsible for some 90% of the primary production, 
highlighting the importance of this group compared to the large species 
of diatoms and dinoflagellates (100 - 300 un) which predominate during 
the spring bloom (Hart, 1934; Uribe, 1982). 
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CHAPTER 4: ANTARCTIC CEPHALOPODS 

Introduction 

The role of cephalopods in the Antarctic marine community remains a 
partial enigma. Pelagic squid represent potentially one of the most 
important components of the Antarctic marine food web. They are both 
major predators of Antarctic krill as well as important prey for a 
variety of vertabrate predators. Squid are fas t-swirmiing, active 
predator$ with well developed nervous systems (Brandt, 1983). They are 
difficult to catch, and for this reason research efforts- have been 
hampered. It is clear that development of effective research techniques 
is needed to further investigate the role of cephalopods in Antarctic 
waters (for a useful review of techniques, see Hedgepeth, 1983). 

Species Composition 

Approximately 72 cephalopod species are known or thought to occur 
south of the Antarctic Convergence (Table 8). Of these, 55% are 
considered endemic to that area (Filipova, 1972). Due to the difficulty 
of catching cephalopods in nets and other sampling gear, many species are 
known _only from the stomach contents of predators. For example, M. 
Clarke ( 1980) made a detailed study of Antarctic cephalopod species 
collected from sperm whale stomach contents (Figs. 6 and 7). There are 
almost certainly a nunber of .Antarctic species in existence which are new 
to science and for which no description is yet available (Roper, 1969, 
1981; SCAR/SCOO, 1983a). 

Distribution 

Most species of Antarctic squid are thought to be circumpolar, 
although certain species appear to occur in restricted localities 
(Everson, 1977). For example, some species off the coast of Durban, 
South Africa, may be restricted to the continental slopes, whereas others 
are not . (Fig. 8). The distribution of Bathyteuthis abyssicola is 
circumpolar, although populations are more preval ent in some areas 
(Roper, 1969). This species is most often caught in circumpolar water of 
relatively high salinity and temperatures 1.250 20c and in 
circunpolar-transitional water at lower salinity and higher temperatures 
(34.65% · and 20 - 2.350C, respectively) (Roper, 1969). High latitude 
waters support predominantly pelagic squids whereas octopods are more 
common nearer the sub-Antarctic islands (Roper, 1981). 

There is some indication that Antarctic cephalopods may undertake 
seasonal migrations similar to those exhibited by northern cephalopods 
(Squires, 1957). M. Clarke (1983) provided evidence that Todarodes, 
Faningia, and M:>roteuthis may make long seasonal movements following the 
advance and retreat of the ice edge. The seasonal change in the 
abundance of various species found in sperm whale stomachs off of South 
Africa and South Australia (Fig. 9) may be due to squid and/or whale 
migrations. 
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Tab1e 8. Cephalopod species in Antarctic waters as determined by capture in 
scientific sa~ling gear and presence in predators' stomachs. Data from 
Roper (1969, 1981), Fillipova (1972), Everson (1977), and M. Clarke (1980). 
(Aft er Bengtson, 1984 ) . 

Architeuthidae 
Architeuthis sp 

Thysanothetuthidae 
Thysanoteuthis rhombus 

Onmastrephidae 
Todarodes sp. 
T. filippovae 
T. argentinus 
T. sagittatus 
Nototodarus sloani 
N. g:iuldi 
!lex argentinus 
Martialia hyadesi 
Syrrplectoteuthis oualaniensis 
S. luminosa 
Dosi dicus gigas 
Onrnastrephes pteropus 
0. bartrami 

Dnychoteuthi dae 
Chychoteuthis banksii 
Kondakovia longimana 
Moroteuthis roosoni 
M. ingens 
M. knipov itchi 

Gonatidae 
Gonatus antarcticus 

Octopoteuthidae 
Octopoteuthis rugosa 
Taningia danae 

Mastigoteuthici3e 
Mastigoteuthis sp. 
Mastigoteuthis A. 

Histioteuthidae 
Histioteuthis sp. 
H. bonelli 
H. atlantica 
H. eltaninae 
H. macrohista 
H. miranda 
H. meleagroteuthis 

Psychroteuthidae 
Psymroteuthis sp. 
Psychroteuthis glacialis 

Neoteuthidae 
Alluroteuthis antarcticus 

Brachioteuthidae 
Brachioteuthis riisei 
B. picta 

Bathyteuthidae 
Bathyteuthis abyssicola 
Batoteuthis scolops 
Neoteuthis sp. 
Promachoteuthis sp. 
Oregoniateuthis lorigera 
Calliteuthis miranda 
Crystalloteuthis glacialis 
Teuthowenia antarctica 
Taonius pavo 

Crarchiidae 
Galiteuthis aspera 
G. glacialis 
Mesonychoteuthis hamiltoni 

Loliginidae 
Loligo sp. 
L. braziliensis 
L. patagonica 

Octopodinae 
Alloposus sp. 
Megaeledone senoi 
Thaumeledone brevis 
Octopus sp. 
Benthoctopus levis 
B. eureka 
B. berryi 
B. thielei 
B. magellanicus 
Pareledone sp. 
P. charcoti 
P. turq;eti 
P. polymorpha 
P. harrissoni 
P. adelieana 
P. nigra 
P. antarctica 
Eledone massyae 

Bathypolypodinae 
Grareledone antarctica 
G. microtyla 
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Fig. 6. Ar·eas and positions where collections of sperm whale 
stomach contents were made, (From M. Clarke, 1980). 
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Fig. 7. Cumulative percentage curves comparing the species composition 
of beaks collected from stomachs of whales killed in the Antarctic. Sample 
sizes are shown. (From M. Clarke, 1980). 
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Fig. 8. Vertical distribution of selected cephalopods eaten by sperm 
whales superimposed on the bottom contour along the 150° line off the 
Durban beacon. Midwater depth ranges are based upon general knowledge 
of the vertical distribution of each genus or species. Depths at which 
species have been collected on the bottom either from trawls or from 
the stomachs of bottom fish are shown as stars. Depths of spawning are 
derived from the position over the slope at which spawning squid were 
recovered from stomachs of whales which were killed. See text for 
fuller explanation. (From M. Clarke, 1980). 

20 miles 

500 

500 
I 

1,000 

1 
1 Vampyror~uthis l 

I l 
E 
= 
~ 1.000 

0 

.; 1.500 
C 

2,000 

:Z.500 

3.000 

I I 
I I 

' Ch,ro rrvrh,s 
M.stigor~urh,s 

3,500 

.. 
1,500 ; 

J 
'"' E 

2,000 .E 
.r: 
1:. .. 
Cl 

2,500 

3,000 

3,500 



- 50 -

Fig. 9. Seasonal changes in the percentage species composition of 
beaks from female whales (top), male whales less than 39 ft long (center), 
and male whales more than 40 ft long (bottom) at Durban (left) and 
Donkergat (right). The number of whales sampled and the number of 
beaks (to the nearest thousand) collected are given. The main Antarctic 
species are included at the top of each graph and are separated from the 
main local species by the 'other', or less numerous species (stippled). 
HA= Histioteuthis A; HB = Histioteuthis B; 0 = Octopoteuthis; C Chiroteuthis; 
A= Ancistrocheirus; T = Taonius megalops; P = Pholidoteuthis; M z Mesonycho­
teuthis; K = Kondakovia. (From M. Clarke, 1980). 
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The vertical distribution of cephalopods varies between species 
(Roper, 1969; Roper and Young, 1975; Zuev and Tzimbal, 1982). Figure 10 
compares this distribution .for selected Antarctic species. M. Clarke 
(1980) also noted that some species of squid descend in the water colunn 
as they mature. Within a range of preferred depths, a daily vertical 
migration is thought to occur and is correlated with night/day cycles (M. 
Clarke, 1977). 

Abundance 

Because different sampling methods catch cephalopods of different 
sizes and at different rates (Figs. 11 and 12), estimates of abundance 
calculated from these data will be biased (M. Clarke, · 1977; SCAR/SCOR, 
1983a). At the present time, however, obtaining data from scientific 
sampling gear, from predators' stomachs, and as by-catch of fisheries are 
the only methods available. 

The roost abundant cephalopods, as estimated from beaks present in 
sperm whale stomachs in the Antarctic, are Onychoteuthids and Cranchiids, 
representing 53% and 23% respectively (M. Clarke, 1983). Using a known 
relationship between body size and beak size of squid, it is possible to 
estimate the biomass of squid eaten by predators (Clarke, 1962). The 
annual consunption of squid worldwide is estimated to be well over 100 
million tons (M. Clarke, 1983). Over 36 million tons of this amount is 
estimated to be taken by ma~als and birds in the Antarctic (Table 9). 

Reproduction and Growth 

Very little is known about reproductive activity and growth in 
Antarctic cephalopods. Mcsweeney (1978) described the reproductive 
organs of Galiteuthis glacialis and the physical charateristics of a 
gravid female of the same species. He speculated that when spawning, 
eggs are released in a gelatinous mass rather than freely shed. Data on 
growth rates and longevity for Antarctic cephalopods are very sparse. 
Mcsweeney (1978) speculated that in Galiteuthis glacialis, large numbers 
of eggs are produced, followed by rapid growth, spawning, deterioration, 
and death. Voss (1973) felt that many squids are short-lived, maturing 
at one year of age and dying after a single spawning. However, recent 
work evaluating the growth rings in squid statoliths (Spratt, 1978; 
Kristensen, 1980) suggests that these structures can be used to determine 
the age of individuals, which may be several years old. 

Food Habits 

Although it is known that several species of Antarctic squid feed on 
krill (Marr, 1962; Dell, 1965; Nemoto et al., 1984) food habits are 
poorly known. Filipova ( 1972) suggested that. many squid species were 
specialist predators on Antarctic krill. He noted that some species, 
Sl,JCh as Kondakovia lon imana, have not been found outside areas where 
krill are present . verson 1981) estimated that the ·annual consunption 
of krill by cephalopods may be as much as 100 million tons. When 



Fig. 10. Vertical distribution of (A) Antarctic Bathyteuthis ab yssicola captured by standardized 
2-hour tows, (B) Crystalloteuthis glacialis Chun, 1906. Antarctic, (C) Brachioteuthis picta Chun, 
1910. Antarctic, and (D) Gonatus antarcticus Lonnberg, 1879. Antarctic. (From Roper, 1969). 
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Fig. 11. Cumulative percentage curves for samples of beaks from Weddell 
seals and sperm whales in the Antarctic, and for squid9 caught by II<;MT 
nets on a cruise of Eltanin (Roper, 1969). Stars indicate two families 
which occur at South Georgia in whale stomachs but are probably near the 
southernmost limit of their distribution. (From M. Clarke, 1977). 
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Fig. 12. The families of oceanic cephalopods (mainl; squid) found in 
sperm whale stomachs and caught in research nets (9m mouth opening) 
and commercial trawls in three areas of the North Atlantic. The whales 
eat histioteuthids, cranchiids, and octopoteuthids primarily. Nets 
catch squids mostly from other families. (From M. Clarke, 1983). 
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Table 9. Estimate of the total biomass of squids eaten by some predators in 
the Antarctic. (From M. Clarke, 1983). 

Mean Stock Percent Percent Number of Total squid 
Stock Size Individual Weight squid body weight predator eaten/year 

( 1000s) wt (kg) (1000 mt) in diet eaten/day days/year (mt X 106) 

Sperm whale 85 40.0 3400 95 3 122 11.8 

Total baleen whales 975 - 43125 l? 3.5 122 1.8 

Elephant seal 600 500.0 300 75 6 333 4.5 
Crabeater seal 15000 193.0 2868 2 7 335 1.345 
Ross seal 220 173.0 38 64 7 335 0.571 
Weddell seal 730 246.0 180 11 7 335 0.463 
Fur seal 200 50.0 10 33 7 335 0.077 
Leopard seal 220 272.0 60 8 7 335 0.112 

V, 
V, 

Total seals 7.07 

Wandering albatross 70 9.0 0.63 80 7 365 0.013 
Grey-headed albatross 385 3.6 1.39 49 7 365 0.017 
Black-browed albatross 12000 3.5 42.00 21 7 365 0.225 
Total albatrosses 12630 - 44.4.'.l 30? 7 365 0.34 
All birds 350000 2.4 850.00 24 7 365 13.54 

Total estimate 34.21 
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compared to the estimated annual krill consumption of Antarctic baleen 
whales (approximately 34 million tons; Table 40, this paper) and seals 
(approximately 146 million tons); Table 33, this paper), the potential 
importance of cephalopods as predators is apparent. 

Virtually nothing is known of squid feeding behavior in the Southern 
Ocean. Mcsweeny (1978) reported that stomach contents of Galiteuthis 
~ acialis were composed .of relatively large pieces of food. This 

serva t 1on supports the view of Bidder (1966) that cephalopods bite and 
swallow their prey rather than chew. 

The work of Karpov and Cailliet (1978), studying Loligo opalescens in 
California, may provide some insight into some factors affect i ng prey 
composition and feeding behavior that may be operative in Antarctica. 
They found that in California, prey composition: 1) is dependent on 
squid size; large squid feed mainly on euphausiids, cephalopods, and 
fish; small squid feed mainly on crustaceans, such as megalops larvae and 
cumaceans (Table 10), 2) is dependent on depth of feeding, 3) is 
largely independent of predator sex, and 4) differs between spawning 
grounds and shallow water areas. 

Importance to Predators 

Squid constitute a significant portion of the diets of Antarctic 
organisms. Sperm whales, Commerson' s dolphins, killer whales, Weddell 
seals, Ross seals, elephant seals, penguins, albatrosses, and larger 
cephalopods are all reported to prey on squid (M. Clarke, 1983). Many 
predators feed entirely on squid and many more include squid in their 
diet (SCAR/SCOR, 1983a). In marine systems where the role of cephalopods 
is better understood (e.g., off the California coast) squid are important 
prey for a wide variety of vertebrate predators (Morejohn et al., 1978). 

In Antarctica, the bulk constituent (76%) of sperm whales' diet 
consists of the cranchiid squid ( which grows to 10 m in length). This 
species has only been caught in nets once (M. Clarke, 1983). Second most 
important in sperm whales' diet are the onychoteuthids (M. Clarke, 1983). 

Cephalopods are also an important prey item for elephant seals which 
eat fish and squid almost exclusively (Laws, 1960a; King, 1964). Stomach 
contents from elephant seals at Signy Island, South Orkney Islands, 
showed that, by number, Gonatus antarcticus, an unidentified teuthoid, 
Morotheuthis knipovitchi, and an octopod comprised 42%, 20%, 14%, and 
10%, respectively of the total prey taken. By weight, the octopod, 
Gonatus antarcticus, and l-loroteuthis knipovitchi contributed 60%, 15%, 
and 10%, respectively (Clarke and Macleod, 1982a) . 

Weddell seals readily prey on cephalopods when they are available 
(Bertram, 1940). Lipinski and Woyciechowski (1981), studying Weddell 
seals at Admiralty Bay, fo~nd that · in stomachs containing food, 92% 
contained cephalopods. Clarke and Macleod (1982) examined the stomach 
contents of Weddell seals from Deception Island, South Shetland Islands. 
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Table 10. Index of relative i~ortance in prey by size and habitat eaten by Loligo 
opalescens off California. (From Karpov and Cailliet, 1978). 

Sarrple Location 
Squid Size Deep Shallow Spawning 

5'nall large water water grounds 
Number of S~id 123 103 134 94 52 

Crustacea unknown 73.3 17.5 23.8 135.2 95.4 
Euphausiacea 3988.0 5400.0 6552.2 1553.4 o.o 
Copepoda 97.5 37.5 103.8 1.0 0.0 
Mysidacea 7.4 10.6 6.3 28.2 54.7 
Megalops 4.9 0.0 0.1 23.3 1088.0 
Natantia 0.2 0.6 0.0 1.9 o.o 
Cumacea 12.2 0.0 2.6 1.0 0.0 
Amphipoda o.o 0.1 0.1 0.0 11.3 
0stracoda o.o O.l 0.1 0.0 a.a 
Cephalopoda (whole) 16.2 9.7 2.6 187.6 o.o 
Gastropoda 5.0 1.2 1.9 5.7 295.8 
Radiolaria 0.0 0.4 0.1 1.0 o.o 
Poly cha eta 0.0 0.0 0.0 o.o 24.9 
Fish 2.0 8.8 1.3 44.8 11.3 
Miscellaneous 197.2 
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The squids, Moroteuthis knipovi tchi and Psychroteuthis 
represented 31.3% and 28. 7% by number, respec tivel y, of t he 
found. By weight, Moroteuthis knipovitchi ·comprised 48.5% of 
present. 

glacialis, 
cephalopods 
cephalopods 

Although many cephalopods taken by birds may have a lower caloric 
value than other prey such as fish and krill (Croxall and Prince, 1982), 
squids represent important prey items for seabirds. At South Georgia, 
50% of the grey-headed albatross diet consists of squid. Of that 50%, 
the dominant portions were Tcdarodes and Mesonychoteuthis (88% and 8% by 
nunber; 91% and 4% by weight) (Clarke and Prince, 1981a). In the 
black-brewed albatross, 21% of the diet consists of squid. Likewise, the 
dominant species are Todarodes and Mesonychoteuthis (68% and 25% by 
number; 76% and 12% by weight ) (Clarke and Prince, 1981a). Wandering 
albatrosses at South Georgia are known to feed on larger species of squid 
than they would .otherwise be expected to utilize. The albatrosses 
presumably gain access to these larger squid such as Taningia and 
Kondakovia by feeding on the vomit of sperm whales at sea (Clarke et al., 
l98lb). 
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CHAPTER 5: ANTARCTIC FISH 

Introduction 

In most of the world's oceans the fish fauna has been the subject of 
special interest and study due to its economic importance. - However, 
interest in Antarctic fisheries is a relatively recent phenomenon. Since 
the mid-1960' s, when commercial fishing in the Southern Ocean began, 
various nationalities have visited Antarctic waters annually. Research 
efforts have also increased, leading to a better understanding of 
Antarctic fish biology. Major reviews of this body of literature include 
those by Marshall (1964), Andriashev (1965), DeWitt (1971), Kock (1975), 
Permitin (1977), and Everson (1977, 1981, 1984b). Physiology, 
biochemistry, and genetic aspects were briefly discussed by A. Clarke 
(1983). This chapter draws on this foundation and especially literature 
published since 1977. 

Species Composition 

Approximately 120 species of fish, excluding bathypelagic and 
bathydemersal species, have been found south of the Antarctic 
Convergence. The dominant group of Antarctic fish is .Nothenii formes, a 
group comprising five families, over 70% of all coastal species, and 90% 
of all individuals (DeWitt, 1971; Everson, 1977; Iwami and Abe, 1981). 
The five families that comprise the Notothenioidei are Nototheniidae 
(Antarctic cods), Channichthyidae ( ice fishes), Harpagiferidae (plunder 
fishes), Bathydraconidae (dragon fishes), and Bovichthyidae. The 
Nototheniidae and Channichthyidae represent the major Antarctic fish 
species of potential corrvnercial importance. The Notothenioid fish are 
mostly sedentary, demersal species (DeWitt, 1971; DeWitt and t-llreau, 
1979), although some have adapted to living closely associated with the 
underside of sea ice such as Pagotheria borchgrevinski (De Vries, 1978). 
The remaining major groups of Antarctic fish include Myxinidae, Bothidae, 
Gadidae, and Rajidae. Some species of these last two families are of 
potential conrnercial importance (Table 11). The Myctophidae and other 
bathypelagic groups have not been included in Table 11, because although 
they may well be abundant in the open oceans, they do not form 
concentrations, and in the · past have rot supported viable fisheries. 
However, a catch of approximately 500 metric tons of Mictophid fish was 
reported for the 1982/83 season (Duhamel, pers. c0111TI.). 

Two further features characterize the Antarctic fish fauna. First, 
the Southern Ocean lacks shoaling species of obligate pelagic fish, which 
is surprising in view of the availability of Antarctic krill (as a 
potential food source. The second feature is the relatively high numbers 
of endemic fish species fauna around many of the Antarctic and 
sub-Antarctic Islands (DeWitt, 1971). 
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Table 11. Some common and potential commercially important fish species 
in the Southern Ocean(* not COIIYTlercially fished but corrmonly caught). 

GROUP 

RAJIDAE 

GADIDAE 

NOTOTHENIIDAE 

FISH SPECIES 

Raja georgiana 
RaJa murra~i 
Raja eaton11 

Micromesistius australis 

Notothenia gibberifrons 
Notothenia rossii rossii 
Notothenia rossii marmorata 
Not othenia magellanica 

COMI-ON NAI-E 

Rays 

Southern poutassou or blue 
whiting 

Bumphead notothenia 

Marbled notothenia 

Notothenia sguamifrons Scaled notothenia 
Notothen1a nudifrons Nakedhead notothenia 
Notothenia guentheri Guenther's notothenia 

*Notothenia coriiceps coriiceps 
*Notothenia coriiceps neglec t a 
*Notothenia ~empi 
*Notothen1a arseni 
*Notothenia angustifrons 
*Trematomus bernacch11 
*lrema t omus hansoni 

Dissostichus mawsoni 
D1ssost1chus eleginoides 
Pleuragralffil8 antarcticum 

CHANNICHTHYIDAE Charrpsocehhalus gunnari 
Channicht ys rhinoceratus 
Pseudochaenichthys georg1anus 
Chaenocepha l us aceratus 
Chionodraco restrospinosis 
Chaenodraco wilsoni 

Antarctic toothfish 
Patagonian toothfish 
Antarctic sidestripe 
or Antarctic silverfish 

Antarctic icefish 
Longsnouted icefish 
South Georgia icefish 
Scotia Sea icefish 
Kathleen's icefish 
Wilson's icefish 
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Distribution 

Zoogeography 

The bottom-dwelling, perciform stock of Antarctic fishes evolved to 
occupy various types of Antarctic habitat (Regan, 1914; Norman, 1938; 
DeWitt, 1971; Targett, 1981) (Table 12). This diversity occurred as 
Antarcti~ fish acquired the physiological specialization necessary for 
survival in subzero seawater temperatures (Devries and Eastman, 1981). 
Moreover, low - water temperatures, extreme geographical isolation, and 
lack of south-flowing surface currents prevented most other fish groups 
from becoming established in Antarctic shelf waters. As a result, 
non-Notothenioid fishes constitute less than 10% of individuals overall, 
and as little as 1% of the fish fauna in some areas such as the Ross Sea 
(DeWitt, 1971). 

Many fish species inhabit the shelf waters surrounding major islands, 
seamounts, and continent (Tables 12 and 13). This distinction has 
resulted in a high degree of endemism among shallow-water species. 
DeWitt (1971) noted that 95% of the Notothenioids and nearly 70% of the 
non-Notothenioid fish (comprising about 25% of Antarctic coastal · fish 
species) are endemic to . the Antarctic region (see also Targett, 1981). 
However, the degree of endemism varies greatly within Antarctic waters. 
Iwami and Abe (1982) compared the Channichthyid fauna of the South 
Shetland Islands· and the Ross Sea area and found that in western 
Antarctica, 87% of the Channichthyids were endemic whereas only 7% were 
endemic to east Antarctica. Endemism is far less pronounced in the 
deep-water fish fauna where only about half the species are restricted to 
the Antarctic Zone ( DeWi t.t, 1971) • · 

In a recent study of . eastern Antarctic fish (Bouvet to Kerguelen 
Islands) Duhamel et al. (1983) drew some useful ecological conclusions 
relating fish abundance, zoogeography, and habitat. Tney suggested that 
the fish distribution in the area studied is influenced mainly by two 
factors: the position of .the Antarctic Convergence, which separates 
Marion and Crozet Islands from Bouvet Island; and the biogeographical 
transition zone between western and eastern Antarctic waters. They noted 
that Channichthyidae were absent around Marion and Crozet Islands but 
present around Bouvet, Kerguelen, and Heard Islands. Thus, 
Channichthyidae (especially Chanpsocephalus gunnari) represent a useful 
index of the presence of cold water masses situated south or nearby the 
Antarctic Convergence, a highly productive zone directly related -to fish 
abundance. 

Stock discreteness 

In his review of coastal and deep water fish of the Antarctic, Dewitt 
(1971) concluded that many species occurring near the Continent had a 
circumpolar distribution. He also confirmed the •transitional' species 
composition along the Scotia Arc, suggesting that the fish of the 
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Table 12. Gross distribution of some common and commercially important 
Antarctic fish species, ( + inferred distribution but no evidence; X gross 
distribution based on literature). (From Ciechomski and Weiss, 1974). 
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~ georgi~na + + + X 
~ murray1 X 
~ eatonii X X 

cromes1st1us australis X X X X 
Electrona antarctica X X X X X X 
Notothenia gibberifrons X X X X X 
Notothenia rossii rossii X X X X X 
Notothenia rossii marmorata X X X X X 
Notothenia magellan1ca X X X X X X X X 
Notothenia sguamifrons X X X X X X X X 
Notothenia nudifrons X X X X X 
filototfienia cor11ceps coriicees X X X X 
Notothenia cor11cees neglecta X X X X X X 
filotothenia kemei X X X X X 
Notothenia larseni X X X X X X X X 
Notothenia angust1frons X X 
Trematomus bernacchii X X X X 
l rema t omus hansoni X X X 
Dissostichus mawsoni X X 
D1ssostichus eleginoides X X X X X X X X 
Pleuragrarrrna antarcticum X X X 
Champsocephalus gunnari X X X X X X X X 
Channichthys r hinoceratus X X 
PseuBochaenichthys georgianus X X X X X 
Chaenocephalus aceraEus X X X X X X 
Ch1on0Braco res t rospinosus X X X 
Chaenodraco wi l son1 X X X 
PseuBochaenichthys georgianus + X 
Parachaenichthys charcoti X X X 



Tallle 13. Biological information for selected species of Antarctic fish. (Modified from Permltin, 1973). 

SPECIES C,:- F"ISH STAGE EC0TYPE 0ISTRIEJJTlON DEPTH (m) 

Raja geor9lana juv.+adult demersal shelf 180 - 830 
R. lll.Jrray1l Juv.+adult demersal shelf 20 - 60 
R. eatonii juv.+adult demersal shelf JO 
MTcrcimesI"stius australis Juv.+adult mostly pelagic shelf 10 - 650 
Notothenla gibberifrons juv.+adult demersal shelf 3 - 500 
N. corllceps con lceps juv.+adult demersal shelf nearshore 0 - 200 
N. corllceps neglecta juv.+adult demersal shelf nearshore 0 - 200 
N. rossil rossli juvenile demersal shelf nearshore 0 - 30 
N. rossTI rossll adult demerso-peiegic shelf offshore 30 - 450 
N. ros s ii 'iiiariiior'a ta juvenile demersal shelf nearshore l - 90 
N. rossll ma rmora ta adult demerso-pelaglc shelf off shore 90 - 350 
N. magellanica juv.+adult demerso-pelaglc oceanic 0 - 80 
N. sguamifrons adult demersal shelf ll) - 600 
N. nudi frons juv.+adult demersal shelf 3 - 400 

N.~ juv.+adult demersal shelf 100 - 355 
N. arseni juv.+adult demerso-pelagic shelf 90 - 400 
N. aiitustl rrons juv.+adult demersal shelf nearshore l - 30 
Treme lllius bemacchli juv.+adult demersai shelf neershore 5 - 200 
T. hansonl juv.+adult demerso-pelagic shelf 5 - 650 
i5Issos t!chus mawsoni juv.+adult mostly pelagic mainly oceanic 20 - 400 
D. eleglno1de_s ___ Juv .+adult mostly pelagic shelf/slope 150 -1500 
PI'euragramma antarcticum juv.+adult pelagic mainly oceanic l - 730 
Champsocephalus gunnar l adult denerso-pelaglc shelf 0 - 450 
~seudocnaen ichthts georgienus juv.+adult demerso-pelagic shelf 0 - 500 
Chaenocepha lus aceratus juv.+adult demerso-pelagic shelf l - 240 

hionodraco ~ juv.+adult demersal shelf 0 - 800 

PREFERRED HABITAT 

mud 

open water 
mud . 

rock, sand, IIWJd, algae 
rock, sand, mud, algae 
macroalgae beds 
mud/open water 
macroalgae ·cover 
mud/open water 
mesopelagic 
mostly on mud at 200 - 300nl depth 
varies with depth end found mostly 4 - 1281ft 
mud/open weter 
mud/open water mostly 
mud, sand rock, algae 
mud, sand, rock, algae 
varies with depth but on mud at 90 - 240m 
open .water 
open water 
open water mostly at depths oJ 310 - 355'11 
mud/open water 
mud 
mud 
varies with depth 

°' w 
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isolated islands further east were derived from the ichthyofauna of the 
Scotia Arc Islands. Duhamel et al. (1983) described similarities in the 
Chaenocephalus aceratus populations at Bouvet Island and western 
Antarctica. Whereas t he existence of separate Antarctic fish stocks is 
poorly known for many species, there is some evidence that discrete 
stocks occur. 

For example, distinct stocks of Micromesistius australis have been 
isolated in the Southern Ocean (Inada and Nakamura, 1975; Shpak, 1975). 
Antarctic fish for which there is evidence of rrore than one discrete 
management stock are listed in Table 14. Freytag (1980) described 
separate stocks of Notothenia rossii marmorata stocks from South Georgia, 
the South Shetland Islands, and the South Orkney Islands based on 
differences in growth, parasites, and phenotypic. However, Burchett 
(1983a) noted that phenotypic variations within populations at South 
Georgia were often greater than variations between populations from 
different locations. 

Similarly, identifying stocks by differences in growth can be 
misleading. These differences may not be attributable directly to 
genotypic variation but to variation in the physical environment 
(Burchett, 1983a). Under identical environmental conditions, fish taken 
from different geographical locations may develop and grow at the same 
rate. 

Mark-recapture studies may provide reliable evidence of stock 
separation within subspecies. Whereas Duhamel (1982) reported evidence 
of migration for Notothenia rossii at Kerguelen, Burchett ( 1983a) found 
that adults of this species at South Georgia do not migrate away from the 
shelf area of the Island. However their larvae are widely dispersed 
throughout the Scotia Sea. Given the direction and strength of the 
surface currents along the Scotia Arc (Hall, 1974), distribution of 
larvae and fingerlings in a northeast direction is likely to occur. 
Thus, although adult fish stocks may be distinct, genetic exchange may 
result from dispersal of irrmature stages, especially during summer and 
autumn. Exchange of fish along the Scotia Arc by surface currents has 
been suggested by DeWitt (1971). 

Parasites and genetics have been used as "tags" in determining stock 
separation. Siegel (1980), using "parasitic tags", and Kock · ( 1981) 
concluded that there were distinct stocks of Chaenocephalus aceratus and 
four separate populations in the Scotia Arc area {at South Georgia, South 
Orkney Islands, Elephant Island, and South Shetland Islands). Sosinski 
(1981) presented some evidence for discrete stocks of Champsocephalus 
gunnari, but pointed out that local stocks may well migrate between 
individual fishing grounds. Recent work on species separation using 
"genetic tags" in Notothenioid fish has demonstrated the potential 
utility of this method in stock separation studies (Anderson, 1982). The 
results of these electrophoretic -analyses appear promising. The 
coefficients of genetic distance substantially supported the conclusions 
of conventional taxonomy. 
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Table 14. Antarctic fish species for which there is evidence for more than 
one discrete management stock . 

Micromesistius australis a) Scotia Sea, probably .southern 
limit of Patagonian population 

Notothenia rossii 

Champsocephalus gunnari 

Chaenocephalus aceratus 

b) Campbell Plateau. 

a)+b) 

a)+b) 

c) 

d) 

Related subspecies on 
morphological grounds. 

Not considered of subspecific 
status but isolated. 

Southern Scotia Sea around 

Inada and 
Nakamura (1975) 

Shpak (1975) 

South Orkney Islands and South Shubnikov 
Shetland Islands. et al. (1969) 

North and south of the 
Antarctic Convergence. Shust (1978) 

a) Kerguelen/Crozet groups 
considered of subspecies 
status i.e. ~ ross ii rossi i Nybelin (1947) 

b) 

c) 

d) 

Scotia Arc groups considered 
to be of subspecific status 
ie. N. rossii marmorata. Nybelin (1947) 

Distinct stocks of-N. rossii 
marmorata occur along the 
Scotia Arc Islands. Freytag (1980) 

Distinct stocks of N. rossii 
marmorata are present at least 
at adult stage but with genetic 
exchange of larvae and finger-
lings from further south along 
the Scotia Arc. Burchett (1983a) 

Differentiation of stocks from 
northern fishing grounds of 
Atlantic sector (South Georgia 
and Shag Rocks) and specimens 

·from southern grounds (South 
Orkney Islands, South Shetland 
Islands and Elephant Island. Sosinski (1981) 

Distinct stocks from South 
Georgia, South Orkney Islands 
and South Shetland Islands. Siegel (1980) 
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Abundance 

Determining the abundance of Antarctic fish stocks has been the focus 
of increasing efforts in recent years. Kock et al. (1984) reviewed the 
status of exploited fish stocks and noted that biomass has been estimated 
with two methods: 1) production estimates (as utilized by Everson, 
1977, 1984b), and 2) "swept area" methods (as utilized by Hureau, 1980; 
Kock, 1980, 1981, 1984b). 

Several trawl surveys were carried out near South Georgia (reported 
to the second meeting of the BIOMASS Working Party on Fish Biology) and 
in the vicinity of Kerguelen (Hureau, 1980). The total fish stock around 
Kerguelen was estimated by Hureau at approximately 130,000 tons. 

Estimates of fish prodw~tion have been calculated from presuned 
levels of consumption of fish by predators. Everson (1984b) estimated 
that whales consune about 1129 x 103 tons, seals 7685 x 103 tons, and 
birds 6750 x 103 tons per annum, for a total annual fish consumption of 
15, 564 x 103 tons. The demersal fish ( which make up over 90% of the 
fish population in the 0-lOOl)n depth zone) are, for the most part, 
restricted to the continental and island shelves which together cover an 
area of about • 2.2 million km2 (excluding ice shelves; Everson, 1977). 
The total consumption of fish

2 
if averaged over the whole shelf area is 

therefore about 7.1 tons/km. This estimated production of fish is 
quite close to that derived for Notothenia neglecta at Signy by Everson 
(1970a). However, that estimate may be innaccurate as no account has 
been taken of fish consumed by other fish. Other fish are an important 
component of the diets of many common fish species such as Chaenocephalus 
aceratus, Notothenia rossii, and Champsocephalus gunneri. 

A concise sUM1ary of the development of Antarctic fish exploitation 
is provided by Kock et al. (1984). Heavy fishing has been undertaken 
since the late l960's; principally in the Atlantic Sector. Convnercially 
important species include Notothenia rossii, ~ guntheri, and 
Champsocephalus gunnari. The potential impact that fisheries have had on 
Antarctic fish stocks has been discussed by several authors (Everson, 
1977, 1984b; Gulland, 1982; Burchett and Ricketts, 1984). It is likely 
that fishing pressure may have led to locally depressed stocks of 
Antarctic fish. Careful consideration must be given to managing those 
stocks that may have been too heavily fished in the past as well as those 
stocks likely to be heavily exploited in the future. 

Size and Growth 

Most Antarctic fish are relatively small, with fewer than half 
reaching 25 cm in length and only about 12 species growing to more than 
50 cm in length (Andriashev, 1965). . There are, however, large species 
such as Dissostichus mawsoni, which attains a weight of 77 kg, a length 
of 165 cm (Rayroond, 1975 ) , and an age of 31 years (Burchett et al., 
19841. Dissostichus eleginoides reaches a weight of 52 kg, a length of 
186 cm, and an age of 22 years (Zacharov and Frolkina, 1976; Kock, 1980c). 
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Antarctic fish, in general, have slow, seasonal growth patterns 
(Everson, 1970a, 1984b; Devries and Eastman, 1981; Burchett, l983b), and 
low metabolic rates (A. Clarf<e, 1983). Everson (1984b) reported that 
fish in higher latitudes do grow more slowly than temperate water species 
and at about the same rate as those from other cold regions. 

The life history strategies of many polar organisms are characterized 
by slow. growth, delayed maturity, and the production of relatively 
precocious young. Growth data sunmarized by Devries and Eastman (1981) 
indicate that many of the Antarctic fish do -indeed have slow metabolisms 
and growth rates. 

Growth cycles 

_Seasonal variation in condition is influenced by cycles of gonad 
maturation, fish activity, feeding, and energy stores. Hureau (1970) 
compared changes in condition for six species of Antarctic fish. He 
found that although condition generally decreased with increasing age 
( with the exception of Trematomus hansoni and Trematomus bernacchii), 
there was no clear seasonal cycle beyond the gonad cycle. However, 
Everson (1970a, 1970b) found a distinct seasonal cycle in Notothenia 
neglecta at Signy Island. During the months prior to spawning, cond1t1on 
reaches a peak and then declines to a post-spawning level. Moreover, 
there is a slight increase in condition at mid-winter, a further decline 
in spring, and a summer increase prior to spawning. 

Burchett (1983b) studied the annual growth cycles (condition and 
relative liver size) of the young (fjord) stages of Notothenia rossii at 
South Georgia (Figure 13). The condition index increased in l ate summer 
(April onward) and declined steadily throughout the late winter (July to 
December). The mean weight of juvenile fish was also greatest in summer 
(February). These data suggest that most growth in young Notothenia 
rossii occurs in summer months. Peak relative liver size normally occurs 
approximately two months later than the peak relative condition. The 
liver is probably being used as an energy store, allowing the fish to 
build up reserves in late surrrner when they have been feeding 
intensively. In winter months these reserves could be utilized gradually 
when food is scarcer. 

Reproduction 

Age at sexual maturity 

As a consequence of the slow growth rates, the slow metabolic rates, 
and the relatively long life spans of most Antarctic fish, many do not 
reach sexual _ maturity until 3 to 8 year$ of age (Table 15). Age at 
sexual maturity also varies between the sexes. Male Notothenia ne~lecta 
(Everson, 1970b), N. rossii marmorata (Olsen, 1954; Shust, 1978 , N. 
rossii (Hureau, 1970), and Chaenocephalus aceratus (Kock, 1981) mature 
approximately one year earlier than f emal es. However, in other species 
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Fig. 13, (A) Annual variation of mean relative condition of juvenile 
Notothenia rossii sampled nearshore at South Georgia during 1978 and 
1979. Vertical bars represent 95% confidence limits. (B) Annual 
var i ation of mean relative liver size (HSI) of juvenile Notothenia 
rossii sampled nearshore at South Georgia during 1978 and 1979. 
Vertical bars represent 95% confidence limits of the mean. 
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such as Notothenia kerrp~ (Shust, 1978), N. squamifrons (Duhamel and 
Hureau, 1981), Champsocep alus gunnari, and Pseudochaenichthys georgianus 
(Kock, 1981), both sexes mature at the same age. There is no apparent 
evidence suggesting that differential maturation occurs within species 
from different locations or ,latitudes. 

Gonad maturation and development 

The development: and final maturation of the gonads for several 
species _of Antarctic fish were described by Dearborn ( 1965), · Everson 
(1970b) and Hureau (1970). Subjective maturation stages based on 
Notothenia ne~lecta and applicable to most Notothenii formes were outlined 
by Everson ( 977) (Figure 14). Everson (1970b) described the following 
reproductive pattern as typical for Nototheniid fish. After spawning, 
the fish ovaries remain rrore or less constant in size, representing about 
3% of body weight during the next 6 months (stages 5 and 6). . Between 6 
and 10 months after spawning there is a gradual increase in ovary size, 
followed by a rapid 2-month increase when the ovary . doubles in size 
(stage 4). This period culm:nates in spawning. The reduction in ovary 
size at spawning does not leave the ovary totally devoid of ova; many 
small ova are present which will form · the next years' eggs 

The maturation of testes also show an annual cycle. However, rather 
than a rapid increase in size, there is a steady rise for the 6 months 
preceeding spawning. Spawning is followed by a reduction in testis size 
due to release and re-absorption of sperm. 

Although the final maturation processes in most species of Antarctic 
fish are more or less synchronized, there is evidence of slight 
variations in timing related to intraspecific size differences. One of 
the better examples is that of Notothenia C);anobrancha from Kerguelen 
Island, where fish spawning for the first time do so at the end of 
January, prior to the peak spawning period for the remainder of the 
population (which spawn at the end of April) (Hureau, 1970). Everson 
(1970b) found a similar situation for the Notothenia neglecta population 
at Signy Island (South Orkney Islands) where final maturation and 
spawning by females of the smallest mature size group occurred about a 
month earlier than the rest of the population. An opposite pattern may 
occur in some of the species of Doannichthyidae. The average dry egg 
weight of Cha~socephalus gunnari in pre-spawning condition is greatest 
in largest fls, indicating either that final maturation occurs earlier 
in older fish, or that larger fish tend to produce larger eggs (Kock, 
1979, 1981). 

Ova development and fecundity 

Early studies by Marshall (1953) concluded that Antarctic fish 
produce relatively few, large, yolky eggs, and larvae which hatch at an 
advanced stage. Eggs range .in size from D. 7 rmi for Muraenolepis microps 
to 4.8 mm for Notothenia rossii marmorata, with an average egg size of 
2.8 !Ml. 
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Table 15 . Age and size at sexual maturity for selected specis of Antarctic fish 
(F=Female; M=Male; B=Both; (min.)=minimum; Av.= average). 

SPECIES OF FISH LOCATION SEX AGE LENGTH (lllTl) WEIGHT (g) REF 

Raja georgiana 
M1cromesistius australis 
M. australis 
Notothenia gibberifrons 
Notothenia coriiceps negl. 
N. £:.. neglecta 
N. c. neglecta 
'N; c. neglecta 
Notothenia rossii rossii 
N. rossii rossii 
N. rossii rossii 
N. rossi1 marmorata 
N. rossii marmorata 
'N; rossii marmorata 
N. rossii marmorata 
Notothenia magellanica 
Notothenia kempi 
Notothenia sguamifrons 
N. s~uamifrons 
tr. e egrno1des 
D. eleginoides 
'Cnampsocephalus gunnari 
C. gunnari 
C:- gunnan 
C. gunnari 
C:- gunnari 
C. gunnari 
C:- gunnari 
C. gunnari 
t'flaenocephalus aceratus 
Channichthys rh1noceratus 
C. rhinoceratus 
Pseudochaenichthys 
georgianus 
Ps. georgianus 
'CfiTonodraco ~ 
Chionodraco ~ 

South Georgia F 
Scotia Sea M 
Scotia Sea F 
Scotia Sea F 
South 0rkneys M 
South 0rkneys F 
Terre Adelie M 
Terre Adelie F 
Kerguelen M 
Kerguelen F 
Kerguelen B 
South Georgia M 
South 'Georgia F 
South Georgia M 
South Georgia F 
Kerguelen B 
South Georgia B 
Kerguelen M 
Kerguelen F 
South Georgia F 
,.Kerguelen B 
South Georgia B 
South Gerogia M 
South Georgia F 
South Georgia F 
Kerguelen F 
South Scotia Sea F 
South Georgia B 
Kerguelen B 
South Gerogia B 
Kerguelen B 
Kerguelen B 

South Georgia M 
South Georia F 
Scotia Sea M 
Scotia Sea F 

4 
3 

8 
7 
7 
8 
7 
8 
7 .,, 8 
5 (min.) 
6 (min.) 
4 .,, 5 
5 - 6 
6 - 7 
4 (min.) 
5 - 6 
5 - 6 

7 
4 
4 
4 
3 - 4 
3 - 4 

3 - 4 
3 
6 - 7 
5 
5 

4 - 6 
4 - 6 

600 
453 
464 
350 
300 
290 
180 
225 
480 
550 

400 
450 
350 - 400 
400 - 450 
250 

550 - 600 

210 - 260 
210 - 250 
200 - 270 
260 (min.) 
Av. 320 
210 - 260 
240-250 
440 - 715 
340 

400 - 480 
440 - 500 
310 - 360 
330 - 370 

400 

190 
130 
1700 
2700 

500 

435 

24' 
2> 
2,, 
4 6/,,, 
6,2,1,, 
7 
7 
7 
7 
9 
27 
27 
28 
28 
7 
28 
9 
9 
13 
9 
22 
3 
3 
20 
20 
20 
18,29 
9 
18 
9 
9 

3 
3 
3 
3 

Table references: l. Hart (1946), Weiss (1974); 2. Ciechomski and Weiss (1974); 
Permitin (1973); 4. Permitin and Silyanova (1971); 5. Lisovenko and Silyanova (1979); 
6. Everson (1970b); 7. Hureau (1970); 8. Burchett et al. 0983); 9. Duhamel and Hureau 
(1981); 10. Linkowski and Rembiszewski (1978); 11. Chojnacki and Palczweski (1981); 
12. Andriashev et al. (1979); 13. Hureau and 0zouf-Costaz (1980); 14. Duhamel (1981); 
15. Zacharov and Frolkina (19~6); 16. Everson (in press); 17 Yukhov (1971); 18. Kock 
(1979); 19. Kock (1980a); 20. Sosinski (1979); 21. KO/ll)OWSki (1980b); 22. Olsen (1955); 
23. Hureau (1966); 24. Permitin (1969); 25. Shubnikov et al. (1969); 26. Everson 
(1970a); 27. Olsen (1954); 28. Shust (1978); 29. Kock (1980b). 
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Fig, 14. (A) Probable seasonal pattern of relative female gonad size (gonad weight/total weight) x 100. 
Morphological characteristics of stages: (1) Immature - ovary small, firm; no ova visible to naked eye. 
(2) Maturing virgin - ovary length body cavity, firm, full of eggs. (3) Developing - ovary large, contains 
eggs of two sizes. (4) Gravid - ovary large; when opened large ova spill out. (S) Spent - ovary flaccid, 
contains few large and many small ova. {B) Probable seasonal pattern of relative male gonad size; 
Morphological characteristics of stages: (1) Immature - testis small, translucent. (2) Developing - testis 
small, white, convoluted . . (3) Developed - testis large, white, convoluted; no milt produced when cut. 
(4) Ripe - testis large, opalescent white; milt produced when cut. (5) Spent - testis smaller, dirty 
white in color. (After Everson, 1977). 
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Recent studies of Notothenia neglecta indicate that due to the large 
size of ova, yolk deposi t i on may take more than one year (Everson, 
1970b). In the years before females become fully mature, the ovary 
slowly develops to a length of one quarter of the body cavity. The ova 
at this stage are about 0.5 ITlll in diameter. At maturity these ova 
enlarge and increase in yolk volume; simultaneously yolk deposition 
begins in a new generation of ova. There are thus two distinct size 
classes of yolky oocytes present in a mature ovary. Yolk deposition 
probably continues throughout most of the year in both types of oocytes, 
al though the greatest increase occurs in the largest ova irrmediately 
prior to spawning. 

A biennial process of ova maturation probably also occurs in 
Trematomus bernacchii where spent ovaries containing eggs of about l rrvn 
in diameter have been observed (Hureau, 1964). Biennial maturation has 
been confirmed by Andriashev et al. (1979) for Trematomus bernacchii and 
Pagothenia borchgrevinki from the Davis Sea (66°5). Kock (1979) 
reported that biennial ova maturation also takes place in Champsocephalus 
gunnari, Chaenocephalus aceratus, and Pseudochaenichthys georgianus. 

The relative fecundity (i.e., number of eggs consituting one season's 
spawn divided by total weight of fish) is low and varies markedly between 
fish of different species and localities. There is an inverse 
correlation between egg size and relative fecundity, and in general it 
appears true to say that for fish of the same size, eggs are larger in 
fish from higher latitudes (Permitin and Silyanova, 1971). Kock (1981) 
found relative fecundity to be highest in those individual 
Champsocephalus gunnari, Pseudochaenichthys georQianus, and 
Chaenocephalus aceratus that were spawni ng for the first ti me. Relative 
tecundi ty decreased in Champsocephalus gunnari but increased in 
Chaenocephalus aceratus with increasing l at itude. 

Spawning period 

Spawning timing appears to differ slightly both interspecifically and 
intraspecifically depending upon the size of fish and the geographic 
latitude. Of the 24 species of Antarctic fish for which spawning periods 
are known, 30% of all individuals spawn in SUMier, 43% in autumn, 17% in 
winter, and 10% in spring (Tables 16 and 17). Apl:)roximately 71% of 
species spawn in late sunvner and autunn (March to June), with peak 
spawning occurring around May-June (54%). Only 29% of species spawn 
during the 8 months of the year between July and February. Although 
duration of spawning differs markedly between species (Fig. 15), those 
species breeding in sunvner (January to April), especially in early surMler 
(February), have a longer spawning period than fish spawning in autumn 
and winter. Species spawning between January and April have an average 
spawning period of over 61 days while those spawning from May to December 
have an average spawning period of 48 days . 
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Although most . Antarctic fish, with the exceptions of Notothenia 
ma~ellanica (Hureau, 1970) and possibly Pleuragranma antarcticum (a truly 
pe ag1c species) , lay demersal eggs, recent research has indicated some 
interesting exceptions. White et al. (1982) found that Notothenia 
neglecta embryos at Signy Island (South Orkney Islands) became negatively 
bouyant after 14 days, while those from South Georgia floated throughout 
the whole period of embryo development. Knowing whether eggs and 
developing embryos normally float throughout development or rapidly 
become negatively bouyant before or after fertilization is important for 
assessing the distribution of populations. 

Hatching period and larval development 

Al though the spawning season for most species is relatively short, 
the time lapse b~tween spawning and emergence of larvae is considerable 
(Burchett et al., 1983). Burchett et al. (1983) found that the time 
between first spawning and first hatching was found to vary . from 60 days 
in Notothenia sguamifrons to 270 days in Chionodraco sp. However, this 
difference may be somewhat misleading because hatching primarily occurs 
in late winter and spring (August to October), regardless of spawning 
timing. Fish spawning in spring and early sum"Tier have a short embryonic 
period, hatching at the end of surrmer (Efremenko, 1983). 

On the basis of lengths at hatching for 25 Antarctic fish species 
(Table 17) it was estimated that larval hatching size varied from 4.5 mm 
in Gymnoscopelus braueri to 18.5 1m1 in Pseudochaenichthys 1eorgianus 
(with a mean larval hatching length for all Antarctic fish o 11 mm) . 
However, based on egg sizes (Burchett, 1983b), larvae lengths were 
smaller, ranging from 2.2 mm in Muraenolepis microps to 15.l for 
Notothenia rossii . marmorata (with an overall average of 8. 5 mm for the 
Antarctic fish). The average hatching length of Antarctic fish is about 
10 mm, which agrees with the findings · of Marshall (1953), Everson 
(1970b), North and White (1982), and Efremenko (1983) that larvae are 
hatched at a large size and an advanced stage. 

Even though recently hatched larvae are large, and will sometimes 
prey on Euphausiids (e.g., Channichthyids) roost larvae. are able to feed 
on only the smallest zooplankton, primarily copepod larvae (Daniels, 
1979; 1-bshiai and Tanimura, 1981; Burchett, 1983c). Because copepod 
larvae are most abundant immediately following the corrvnencement of the 
spring and sumer phytoplankton blooms, the development of fish larvae 
needs to be synchronized in such a way that yolk reserves are exhausted 
as copepod larvae become available at peak abundance. 

During the first few weeks after hatching, larvae do not migrate far 
away from the spawning area, but remain over the shelves (Efremenko, 
1983). Larvae which develop.into fingerlings may disperse later over the 
ocean and . away from the continental shelves. This dispersal · has been 
recorded in species such as ~otothenia negiecta (White et al., 1982) and 
~ rossii marmorata (Burchett, 1983a) in the Scotia Sea, where young fish 
may be carried by the currents into lower latitudes from the South 
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Table 16. Spawning data ror Antarctic fish. See Table 15 ror references. 

SPECIES ~ F"ISH 

Micromesistlus australis 
MerlLCcius huttlsl 
Muraeno lepis micrr,s 
Nolothen1a 9ibber1 rons 
N. gibllerfrons 
Notothenia cor11ceps neglecta 
N. £:.. negr~a 
N. c. neg{\a 
N:- c. neg ec a 
N, rossii rossil 
NototFierua rossii marmorata 
N. ross u mariiiorata 
N:- rosill marmorata 
NototfieriTa mage l lanica 
Nototnenia cyanoorancha 
N1Jtothenia ~ 
N.~ 
Notothenia larsenl 
N. larsen1 ---
N. larseni 
NototFieiiia rudl frons 
N. nud1 frons 
Jr. nudi frons 
Notothenia augustifrons 
Notothen1a sguam1 lrons 
N. sguamifrons 
Tremat omus hansoni 
T. hansom --­
Tremiitcimus bernacchii 
T. bernacch1i 
Trematomus vicarius 
Pagothema ~vinki 
Dissostichus eleginoides 
D. mawsom 
Pseudochaenichthys georgianus 
P. ~eorg1ar.Js 
Psi odraco brevlceps 
ChampsOCEJ?halus gunnari 
C. gurv,au 
r. gunnau 
C. Ql.ITlari 
r. ~ 
f_. Ql.ITlari 

c.~ 
C. qJman 
r.~ 
Chaenocephalus ~ 
C. aceratus 
C. aceratus 
r. aceratus 
C. aceratus 
r. aceratus 
cfiamTch[nys rhinoceratus 
t. rfonoceratus 
Pseudochaenichthys georgianus 
Ps. georg1anus 
Chionodraco 3!..:_ 

Patagonia 
Patagonia 
So.Jth Georgia 
South Georgia 
Atlantic sector 
South 0rkneys 
SCotia Sea 
Terre Adelle 
So.Jth Georgia 
Kerguelen 
South Georgia 
South Georgia 
Atlantic sector 
Kerguelen 
Kerguelen 
South 0rkneys 
Atlantic sector 
south Drkneys 
South Georgia 
Atlantic sector 
SCotia Sea 
SOuth Shetlands 
Atlantic sector 
South Sandwiches 
Atlantic sector 
Kerguelen 
Terre Adelie 
Atlantic sector 
East Antarctica 
Davis Sea (660S) 
South Georgia 
Davis Sea (660S) 
Kerguelen 

South Georgia 
South Georgia 
SCotia Sea 
SOuth Georgia 
South Georgia 
S. Shets./Elephant I. 
South Georgilf 
Kerguelen 
Kerguelen 
South Georgia 
South Georgia 
So.Jth 0rkneys 
South Georgia 
South 0rkneys 
South Georgia 
South 0rkneys 
Elephant Island 
South Georgia 

Kerguelen 
South Georgia 
South Georgia 
Scotia Sea 

Spring 
December 
Winter? 
Jul. - Aug. 

May 

Apr. - May 
.Mle 
Apr. - May 
April 

Feb. - Mar, 
Jan. - May 

Dctober 

October 
Oct. - Nov. 
May 
Jun. - Jul. 
Jl.ne 
Nov. - Dec. 

April 
Autunn 
May - Ju,, 
April 

Mar. - May 
Mar. - May 
April 
April 

Apr. - May 
Feb. - Mar, 
Feb. - Mar, 
Mar. - Apr, 
Apr. - Ju'1. 
Mar. - Apr. 

REF 

1 
2 
3 
4 
5 
6 
4 
7 
8 
9 
4 
10 
5 
7 
7 
4 
5 
4 
4 
5 
4 
4 
.5 
4 
5 
9 
7 
5 
7 
12 
8 
12 
14,15 
17 
16 
8 
3 
10 
18,19 
18 
20 
20 
9 
22 
3 
3 
3 
3 
18 
18 
18 
21 
23 
9 
J 
11 
3 



Table 17. Spawning season and spawning locations for selected species of Antarctic ·fish. (From Chojnacki and Palczewski, 1981). 

ANTARCTIC SPRING 

(SPRING) Nov. - Dec. 

SPECIES 

M, australis r. bernacchil 
r. hansonl 
O. rnawsonl 

LOCATION 

Patag. 
Davis 

ANTARCTIC SUMt-ER ANTARCTIC AUTUt,t,J 

(S\JMl,ER) Jan. - Feb. (LATE SUl+E:R) Mar. - Apr. (AUTUl4'l) May - Jun. 

SPECIES 

N. maoellanlca 
N. c yanobrancha 
N. cor llceps n. 
c. rhinocerataus 

LOCATION 

Kerg. 
Kerg. 
T .Ad. 
Kerg. 

SPECit::S 

N. cor ilceps n. 
N. rossll m. -
N. iiiiigeIT aiiI ca 
P. georgianus 
C. gunnart 
C. gunnar 
C. aceratus 
C. rhrnoceratus 
Ps. georg1anus 
Qunodraco ~ 

LOCATION 

S.G. 
S.G. 
Kerg. 
S.G. 
S.G. 
Kerg. 
S.G. 
Kerg 
S.G. 
Scot. 

SPECIES LOCATION 

~ corilceps I!:_ 
~ coruceps ~ 
N. rossii r. 
N. rosill m.' 
N. nuiill'rons iif: iarseni 
N. kenpl 
T. vicarius 
P. borchrevinkl 
0. e l eglno1des 
P. brev iceps 
C. gunnarf 
~ yunnar 
C. aceratus 
Ps. ~ianus 

5.0. 
S.G. 
Kerg. 
S.G. 
Scot. 
Scot. 
Scot. 
S.G. 
S.G. 
Kerg. 
Scot. 
S.G. 
Kerg. 
S.G. 
S.G. 

ANTARCTIC WINTER 

(EARLY WINTER) Jul.-Aug. 

SPECIES 

M. micropi 
N. g bber frons 
P. borchorevlnkl 

LOCATION 

S.G. 
s.c. 
Davis 

(LATE WINTER) Sep.-Oct. 

SPECIES LOCATION 

M. alcrm!; S.G. 
N. sguam rans Kerg. 
r. bernacchii T. Ad. 

-., 
V, 



Fig.15. Spawning period and presence of early larvae for selected species of Antarctic fish 
from the Scotia Sea and Scotia Arc Islands . 
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Orkneys and the South Shetland Islands to South Georgia and the South 
Sandwich Islands. 

In summary, it is likely that spawning dates occur in such a manner 
as to produce fish larvae in time for the primary production and 
subsequent zooplankton blooms of summer. Slight differences in spawning, 
hatching, and spawn-hatch times, coupled with advanced · levels of 
development at hatching, provides flexibility that enhances survival of 
the young in response to annual variations in· the environment and 
availabiiity of zooplanktonic food. 

Food Habits 

Knowledge of the feeding ecology of Antarctic fish is becoming 
increasingly important in light of increased human impact on fish stocks 
and their food supplies. Information on feeding ecology is crucial for 
an understanding of the trophic role played by Antarctic fish (Fig. 16). 
In recent years a large volume of literature dealing with Antarctic fish 
feeding ecology has been published. It relates mostly to the 
Nototheniiform fish, especially the two major families, Nototheniidae and 
Channichthyidae. The diet and behavior of the deep w,;1ter groups such as 
the Myctophidae are less studied. Noteable studies on the feeding 
ecology of fish in Antarctic waters have been undertaken by Hureau 
(1970), Permitin (1970), Yukhov (1971), Permitin and Tarverdiyeva (1972, 
1978), Tarverdiyeva (1972), Richardson (1975), DeWitt and Hopkins (1977), 
Moreno and Osorio (1977), Hoshiai (1979), Kompowski (1980a, 1980b)i 
Moreno and Zamorano (1980), Tarverdiyeva and Pinskaya (1980), Duhame 
(1981), Kock (1981, 1984), Targett (1981), Wyanski and Targett (1981), 
Daniels (1982), Burchett (1982, 1983c), Takahashi (1983), and Duhamel and 
Hureau ( 1984). 

The availability of food depends to a large degree on the habitat 
occupied by the fish. Fish can be grouped into demersal (bottom living), 
demerso-pelagic (above the bottom), and pelagic ( free swirrming) spec_ies. 
Pelagic fish may inhabit the first 20Dm of. surface waters (epipelagic) or 
deeper waters between 200-lOOOm (mesopelagic). In addition, they can be 
found over continental shelf areas (neritic province) or in deep waters 
beyond. the continental edge . ( oceanic province) • Equivalent, demersal, 
and demerso-pelagic fish may be encountered in sublittoral shallows 
(D-50m) or bathydemersally (lOOOm+). Table 18 lists the c001mon Antarctic 
fish species in these categories according to morphological, dietary, and 
capture information. 

Pelagic.food availability 

Major taxa in the Southern Ocean in term_s of biomass are probably 
copepods, euphausiids, salps, and fish larvae, with cnidarians and 
pteropods important locally (Everson, 1984b). Zooplankton available to 
fish include grazers (herbivores) and predators (carnivores). Grazers 
frequently found in fish stomachs include the calanoid copepods, small 
euphausiids, medusae, ctenophores, and salps, while examples of 
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Fig. 16. The food chain of the demersal fish community to the north of 
the South Shetland Islands. (From Takahashi, 1983) . 
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carnivorous zooplankton include the large euphausiids, euchaeted 
copepods, chaetognaths, amphipods, and pteropods (Everson, 1984a). 
Herbivores usually are more important prey · items, both in numbers and 
biomass (Hopkins, 1971). 

Because Antarctic fish spawn large, yolky eggs mostly during late 
surrvner and autumn, embryonic development over winter allows larval fish 
to hatch at an advanced stage coinciding with phytoplankton blooms and 
abundant zooplankton. grazers. (especially · copepods). The abundance of 
·summer zooplankton is reflected in increased surMler growth rates for 
juvenile and adult fish, and in turn is linked to the rapid build up of 
fish reproductive tissue in late summer. 

In general, many zooplanktonic prey spend summer months near or at 
the surface of the epipelagic zone (l-200m) and the winter period (May to 
August) deeper in the water column or under the ice (David, 1955, 1958, 
1965; Hopkins, 1971). Staying near the surface during summer allows 
herbivores to graze on seasonal bursts of primary production and allows 
carnivores to prey on the herbivores. Both demersal and pelagic fish 
·benefit from the vertical migration and swarming behavior of invertebrate 
zooplankton. In winter, deeper dispersal of zooplankton may bring them 
near the seabed in shallow water areas such as the continental shelves 
and sublittoral zone surrounding the Antarctic Continent and many 
Antarctic islands. This change in distribution allows demersal and 
demerso-pelagic fish to prey on zooplankton which is normally unavailable 
(Kompowski, 1980a; Naito and Iwami, 1982). 

In summer, zooplankton near the surface increase in abundance 
primarily due to seasonal vertical migration (Foxton, 1956) and to a 
lesser extent from reproductive and growth cycles. Many pelagic fish, 
especially at their larval and juvenile stages, feed on concentrated 
zooplankton at this time. For example, juvenile Champsocephalus 1unnari 
is often a by-catch species in krill swarms (Kompowsk1, 9806). 
Similarly, krill, salps, gammarids, and hyperiids are often found in the 
stomachs of demersal and demerso-pelagic fish such as Notothenia kempi, 
.!!.:_ gibberifrons, ~ rossii, Chaenocephalus aceratus, and Chionodraco 
species (Tarverdiyeva and Pinskaya, 1980). · When ep1pelag1c 
concentrations of summer zooplankton (especially in the top 50'n) 
sometimes extend into the nearshore sublittoral zone, these zooplankton 
become available to demersal fish species present in that zone. Pelagic 
zooplanktori have been identified in the stomach contents of Notothenia 
rossii juveniles nearshore at South Georgia (Hoshiai, . 1979) and krill 
have been confirmed in the diet of N. gibberifrons from the shallows at 
the South Shetland Islands (Takahash1, 1983). 
Demersal food availability 

Demers.al fish, as well as some demerso-pelagic species, appear to 
rely on benthic prey as a major food source (Targett, 1981; Burchett et 
al., 1983). Variations in the assemblage of invertebrate benthos differs 
with depth, location, and to a lesser extent with season (Daniels, 1982) 
and is reflected in fish diet. Much of the benthic infauna is 



Table 18. Ecotypes of selected species of Antarctic fish based upon body morphology, diet and depth of capture. 

Demersal 
Fish Species 

Raja georgiana 
!3..:_ rurrayi 
R. eatonii 
Notothenia gibberifrons 
N. nudifrons 
N. ross1i marmorata (juv.) 
N. rossii rossii (juv.) 
N. corlic~*s neglecta 
N. angus t1 rans 
N. kempi 
!i:_ cyanobrancha 
N. sguarni frons 
N. magellanica 
Trematomus species 
Harpagifer species 
Artedidraco species 
Pogonophryne seecies 
Muraenol epls m1crops 
Psilodraco breviceps 
Pseudochaenichthys species 
Channichthys rhinoceratus 
Chionodraco seecies 

Zone 

3 
2 
2 
2,3 
1,2,3 
2 
2 
2 
1,2 
2,3 
2 
2,3 
1,2 
2,3 
1,2 
2,3 
3,4 
2,3 
2 
2 
2 
2,3 

Demerso-pelagic 
Fish Species Zone 

Notothenla larseni 2,3 
N. rossii marmorata (adult) 2,3 
N. rossii rossii 2,3 
N. magellanlca 2,3 
Trematomus hansoni 2,3 
T. newnesi 2,3 
Champsocephalus species 2,3 
Chaenocephalus aceratus 2,3 
Pseudochaenlcht h~ georgianus 2,3 

2,3 

ZONE 

1 
2 
3 
4 
5 
6 

Pelagic 
Fish Species 

Pleuragramma antarcticum 
Dissostichus mawsoni 
Q.:_ eleginoides 
Micromesistius australis 
Electrona antarct1ca 
Gyrnnoscopelus nicho l si 
Notol epis coatsI 
Larvae and post-larvae of 
many fish species and young 
of Charnpsocephalus .9.unnari 
and Myctophidae. 

KEY 

ECOTYPE DEPTH 

Zone 

5,6 
5,6 
3 
3 
6 
6 
6 
5 

Littoral 0 - 3 meters 
Sublittoral 3 - 200 
Archidemersal 200 - 1000 
Abyssoldemersal 1000+ 
Epipelagic 0 - 200 
Mesopelagic 200 - 1000 

00 
0 
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unavailable to fish with the possible 
gibberi frons (Moreno and Osorio, 1977). The 
important prey items for most bottom living 
year round (Burchett, 1983c). 

Feeding behavior 

exception of Notothenia 
epifaunal invertebrates are 
fish and are available all 

Oemersal and demerso-pelagic fish show great diversity in feeding 
behavior and the type of prey consumed (Targett, 1981; Daniels, 1982). 
Diversity in diet and feeding behavior appear greatest among the demersal 
and demerso-pelagic Nototheniids, especially in nearshore fish 
communities less than 90 m deep (Burchett, 1982; Burchett et al., 1983). 
Demersal Nototheniids prey primarily on amphipods, isopods, fish (mostly 
larvae, postlarvae, and young fish), polychaetes, oecapods, gastropods, 
and bivalves (Targett, . 1981; Daniels, 1982). Dietary examination of 
Channichthyids oy Permitin . and Tarverdiyeva (1972, 1978) and Daniels 
(1982) demonstrated that these fish are indeed specialized feeders. Most 
Channichthyids are planktivorous feeders, with the exception of 
Chaenocephalus aceratus and Channichthys rhinoceratus, which consume a 
high proportion of fish (Hureau, 1970; Williams, 1983) . 

The most extensive studies of Antarctic fish feeding behavior have 
been undertaken in the nearshore water areas of approximately 0-5m in 
depth. Around certain sub-Antarctic and Antarctic Islands such as South 
Georgia and Kerguelen ,- the shallow, nearshore areas of 0-30m are often 
dominated by the macroalgae Macrae stis pyrifera, Himantothallus 
grandifolius, and Durvillea antarctlca Burchett, 1982; Duhamel, 1982) , 
which create a specialized habitat not only for fish but for many of 
. their prey. Burchett (1983c) and Burchett et al. (1983) , studying the 
nearshore fish communities at South Georgia, found that much of the 
benthos upon which the fish feed were nocturnally active. Net hauls and 
SCUBA diving observations indicated that the fish in that area were also 
only active at night. As night length varied seasonally, there was a 
corresponding change in fish feeding activity. Notothenia rossii and !i:_ 
neglect a actively grazed macroalgae, which appears to be an irrportant 
dietary component at certain times of the year (Burchett, 1983c; Burchett 
et al. , 1983). Algal consumption has also been observed by Everson 
(1970a), Hureau (1970), and Daniels (1982) for equivalent subspecies at 
the South Orkney Islands, Kerguelen, and the Antarctic Peninsula. 

As indicated in Table 19, diets for individuals of the same species 
varies between locations (Rowedder, 1979; Naito and Iwami, 1982). For 
example, for Notothenia gibberifrons, N. larseni, T. scotti and 
Harpagifer bispinis, the diet s of individuals of similar size caught at 
the same time of year but at different localities have significant 
differences in prey taken and in the amount of food consumed (Daniels, 
1982). 

Differerence in the diets of fish of different sizes has been noted 
by many authors for species such as PleuragrallYTla antarcticum (DeWitt and 
Hopkins, 1977), Pogonophyrne ~ (Wyanski and Targett, 1981), Notothenia 
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Table 19. Diets for selected species of Antarctic fish (X = found in 
stomach contents;+= the dominant or very COIJIOOn food item within a 
particular examination). This table was compiled from information in: 
Olsen, 1954, 1955; Permitin, 1969; 1-tJreau, 1970; DeWitt, 1971; YlJ<hov, 
1971; Permitin and Tarverdiyeva, 1972; Everson, unpublished results; 
Tarverdiyeva, 1972; Keysner et al., 1974; Richardson, 1975; DeWitt and 
Hopkins, 1977; Moreno and Osorio, 1977; Hoshiai, 1979; Moreno and 
Zamorano, 1980; Targett, 1981; Daniels, 1982; Naito and Iwami, 1982; 
Burchett, 1983c; Burchett et al., 1983; Duhamel and Pletikosic, 1983; 
Takahashi, 1983; Williams, 1983. 
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Porifera / Foraminifera • X X X 
Coelenterata X X X 
Anthozoa X X 
Hydrozoa X 
Ct~ra / Cnideria X X X ♦ X ♦ X X X 
Nemertinia X X X X . X 
Nematoda X 
Priapulida X X X 
Bryozoa X X 
Claetognatha X X 
Amelida X . X X X . . X • + . X X X 
Polychaeta X ♦ X X X . X . ♦ X X X 
Crustacea (arthropoda) • . + X ♦ • • . . . . ♦ . . . X 
Ostac:oda X X X X X X 
Copepoaa X X X X X X X 
Malacostraca + ♦ ♦ X ♦ + ♦ ♦ ♦ ♦ ♦ ♦ ♦ X 
Mysidacea ♦ X X ♦ X X 
Cuoacea X X X X X X 
Isopoda X X ♦ + + X ♦ X ♦ ♦ ♦ X X X X 
E~iacea ♦ ♦ X X X ♦ X + X ♦ ♦ ♦ X 
~ipoda X ♦ ♦ + ♦ ♦ + ♦ ♦ + ♦ 

Decapoda (shrlq,s, prawris) ♦ X X X + X X X X X X X X 
Pycogonida X X X ,-,uusca X ♦ X X + X X + ♦ X X + + ♦ X X 
Alf,hi.......n + X 
Gastropoda + X X X X X X . ♦ 

~isthobrarcha X X X 
Bivalvia + X X + X X X X X X 
Scapr,,pcda X X 
C~opoda X + ♦ X + X ♦ + + X 
Echinodermata X ♦ X X X X X X X X X 
Crinoidea X X X 
Ophiuroidea ♦ ♦ X X 
Ecllinoidea ♦ X 
ltllothJr iodea X X X 
Salp1dae (t\llicates) ♦ X X X ♦ X X X X X 
Ascidiae X X X 
Hsh X ♦ ♦ X ♦ X X X ♦ X X X X X X ♦ + 
Nototheniidal! X X X X ♦ 

Olamichthyioae 
Other r!sh X X X ♦ 

Fish larvae rd rJ.11gerlings X X ♦ 

Ews X X X X X ♦ ♦ 

Algae ♦ ♦ ♦ ♦ ♦ X ♦ ♦ ♦ ♦ X 
Diatc.s X X 

I • 

II 
:, 

~ 
.!; .. 

~ 
u 

I ~ 
.. 
~ 
C . . • • .. , 

~ • 

J 
• ~ 

I 
.&; . 

i 
,:. • u . 

0 u 
0 
C: • • • .. 

6 6 ::11 

X 

X 
X X 
X X 
♦ . ♦ X + 

+ 
♦ ♦ ♦ X + 

X ♦ X 
+ 

+ 
+ ♦ + X 
♦ X X X + 
X + X X 

X X + 

X + + 
X 

X 
X 

X X ♦ + X 
X X 
X X 

X X 

X 
X X X 



- 83 -

~ibberifrons, !i· magellanica, and Cha[T.socephalus gunnari (Takahashi, 
983), ~ magellanica (Blankley, 1982, and Dissostichus el~ inoides 

(Duhamel and Pletikosic, 1983). In all ·species studied, prey s1ze, prey 
quantity consumed, and. numbers of different prey types taken increased 
with fish size. 

Seasonal changes in the diet of many demersal and demerso-pelagic 
fish have been demonstrated. Burchett (1983c) found that juvenile 
Notothenia rossii have a more varied diet in summer months. The relative 
frequency of consumption of major prey items varied throughout the year 
with definite seasonal variations in numbers of amphipods, polychaetes, 
and bivalves consumed. Differences in· the diet of similar sized 
individuals of Notothenia gibberifrons, ·N. nuaifrons, N. larseni, and 
Trematomus scotti collected at the same Iocation at diffirent times of 
year were significant in the relative importance of each prey taxon, but 
tended to show no significance in the amount of food consumed (Daniels, 
1982). In all four species studied by Daniels (1982), individuals tended 
to consume prey from the same number of taxa. Spring samples normally 
contained prey of a smaller size than late summer samples. 

In surmiary, demersal fish use a wide variety of behavioral and 
morphological mechanisms · that reduce intraspecific and interspecific 
competition (Burchett, 1982). For generalist feeding species, these 
mechanisms include switching prey type and feeding strategies. Targett 
(1981) concluded that the low diversity of Antarctic prey species 
precluded the necessity for fine di vision of food resources vertically. 
Feeding niche differences, perhaps evolved by Nototheniids as an 
ad~ptation to avoid prey competition, may contribute to the success and 
dominance of demersal Nototheniids in these conrnunities. 

Role in the Ecosystem 

Antarctic fish play an important part in the marine coovnunity. T~ey 
are both important prey species for many predators, as well as maJor 
predators themselves on a variety of plankton. As commercial fisheries 
exploit fish stocks and their prey (e.g., krill), an increased 
understanding of fish ecology will allow better assessment of the impact 
of human activities on the marine ecosystem. 

lJll)ortance to predators 

Within the Antarctic marine ecosystem, it is estimated that about 2 
million tons of fish are consumed annually by predators (Everson, 1977). 
Of this amount, 77% is taken by seals (47% by elephant seals and the rest 
by fur, crabeater and Weddell seals) and 18.5% is taken by birds (mostly 
white-chinned petrels (10%) and macaroni penguins (4%) (Croxall et al., 
1984)). Studies in the Scotia Sea indicate that of all fish consumed, 
approximately 82% by weight are consumed by seals, 8% by cape pigeons, 3% 
by penguins, 2% by blue-eyed shags, and 2% by snow petrels (Croxall et 
al. , 1984) . It appears that Antarctic fur seals are· taking fish 
primarily during winter, although the food habits for that period are 
p~orly known (Doidge and Croxall, 1984). 
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Knowledge about fish in the diets of Antarctic birds is limited. The 
albatrosses are known to take Pseudochaenichthys ~eorgianus 
(Channichthyidae) and various Notothenia species (Prince, 198 b). Fish 
of these families are also the main prey of the diving seabirds such as 
the shags and penguins. Diets of these seabirds vary between different 
Antarctic locations. By weight, Notothenia nudifrons comprises 75%, N. 
rossii 14%, and Trematomus newnesi 7% of the diet of blue-eyed shags at 
Signy Island, South Orkney Islands (Shaw, unpublished data). Notothenia 
rossii, ~ larseni, and Champsocephalus gunnari are about of equal 
importance in the diet of the gentoo penguin at South Georgia (Croxall 
and Prince, 1980). 

Weddell seals in the Scotia Sea take various Notothenia and 
Trematomus species, but elsewhere often prey on Dissostichus species 
(0ritsland, 1977). Percent2ge weight of fish in the diet of the 
Antarctic fur seal in summer at South Georgia consists mostly of 
Champsocephalus gunnari (76%), Notothenia rossii (5%), and a variety of 
other Notothenia species (8%) (North et al., 1983). Antarctic fur seals 
take a rel atively wide range of fish, including the semi-pelagic 
Cham~socephalus gunnari rather than Nototheniid species, and consU11e 
roos t y young adults of 3 - 5 years old (North et al., 1983). The diet of 
Cormierson's dophins near the Kerguelen Islands consists mainly of 
Champsocephalus gunnari (Robineau and Duhamel, 1984). 

Importance of krill and possible effects of exploitation 

The importance of krill in the diet of many fish varies greatly 
according to water depth, habitat, locality, season, fish size, and 
behavior. Krill is the single most important food item for adult pelagic 
fish (Permitin and Tarverdiyeva, 1972; DeWitt and Hopkins, 1977) as well 
as the pelagic young and juvenile stages of species such as 
Cham1socephalus gunnari (Kompowski, 1980a). The dietary importance of 
knl for demersal and demerso-pelagic fish also varies (Permitin and 
Tarverdiyeva, 1972). Tarverdiyeva and Pinskaya (1980) noted that both 
the absolute and relative number of plankton-feeaing fish that prey upon 
krill diminishes from higher to lower Antarctic latitudes. Thus, near 
the Antarctic Peninsula krill often constitutes 100% of fish diets, off 
the South Shetland Islands 80%, off the South Orkney Islands 67%, and at 
South Georgia 30% (Permitin and Tarverdiyeva, 1972; Takahashi, 1983). 

Because of the importance of krill in the diet of both demersal and 
pelagic fish, heavy harvesting of krill resources may affect fish 
populations. Potential effects are likely to be greatest on species such 
as Pleuragramma antarcticum, Notothenia rossii, and Champsocephalus 
gunnari which take large amounts of krill at certain stages in their life 
cycles. The latter two species are also the two most coovnercially 
valuable fish species. Heavy fishing of krill will probably have less 
effect on the majority of the demersal fish species because they have 
alternative benthic food supplies. 
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CHAPTER 6: ANTARCTIC SEABIRDS 

Introduction 

Seabirds are an important component of the Antarctic marine 
ecosystem. Of the many seabirds present in Antarctica, perhaps the most 
specialized are the penguins, which dominate the avifauna biomass. These 
flightless predators are uniquely s8ited to marine life in higher 
lat1 tudes. There is a large body of literature dealing with Antarctic 
seabirds and a corrprehensi ve review is beyond the scope of this paper. 
Several papers have outlined previous work (Murphy, 1936; Murphy, 1964; 
Voous, 1965; Carrick and Ingham, 1967, 1970; Stonehouse, 1967, 1975; 
Prevost and Mougin, 1970; Watson et al., 1971; Watson, 1975; Mougin, 
1975). The review by Croxall (1984) provides a recent sunvnary and 
synthesis of Antarctic seabird ecology and biology. 

Species Composition and Abundance 

Table 20 lists the seabirds found in Antarctic waters. Although not 
all of these species breed south of the Antarctic Convergence, most are 
present south of the convergence during at least part of the year. The 
Procellariiformes, including the albatrosses, petrels, shearwaters, and 
pr ions is the group with the most Antarctic species. But, in terms of 
abundance, the Sphenisciformes, or penguins, are clearly the most 
·important (Croxall, 1984). 

Several investigators have attempted the difficult task of estimating 
the abundance of penguin and other seabirds (Croxall and Kirkwood, 1979; 
Croxall and Prince, 1979, 1980a; Williams et al., 1979; Mougin and 
Prevost, 1980; Prevost, 1981; Ainley et al., 1984; Croxall, 1984). These 
estimates reveal the prominence of penguins in Antarctic avifauna (Table 
21). Although penguins are clearly a major portion of the Antarctic 
avifauna, Ainley et al. (1984) pointed out that penguins may not account 
for as high a proportion (80% - 90%) of total Antarctic bird biomass as 
has been estimated in the past. They suggested that the population size 
of other seabirds may have been underestimated because these are less 
accessible and difficult to census. 

Distribution 

The distribution of the flighted seabirds was reviewed by M.Jrphy 
(1964), Falla (1964), Voous (1965), Carrick and Ingham (1967, 1970), and 
Watson (1975). Most species occur in a circumpolar zone which fluctuates 
seasonally in response to the advancing and retreating ice-edge 
(Mackintosh, 1960). Oceanic fronts are also irrportant features in 
determining the distribution of seabirds (Ainley and Boekelheide, 1983). 
Ainley et al. (1984) noted, for example, that the Antarctic Slope Front 
is a major biological/physical interface which attracts large groups of 
foraging seabirds. The distribution of penguins and other seabirds as 
sunmarized by Croxall (1984) is presented in Table 22. The breeding 
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Table 20. Antarctic seabirds. (Data from Watson, 1975; Bengtson, 1978; 
Croxall, 1984). 

SPI-ENISCIFOMS 

PROCELLARIIFORt-£5 

PELECANIFORMES 

Cl-f\RADRI IFO~S 

SPECIFIC NAp.£ 

Aptenodytes forsteri 
A. patagonicus 
Pygoscelis adeliae 
P. antarctica 
P. papua 
Eudyptes chrysocome 
E. chrysolophJs 
Spheniscus magellanicus 

Diomedea exulans 
D. epomophora 
D. melanophris 
D. chrysostoma 
D. cauta 
Phoroetria fusca 
P. palpebrata 
Macronectes giganteus 
M. halli 
Fulmarus glacialoides 
F. glacialis 
Pagodroma nivea 
Thalassoica antarctica 
Daption capense 
Pachyptila belcheri 
P. desolata 
Halobaena caerulea 
P. lessonii 
P. brevirostris 
P. inexpectata 
P. mollis 
Pterodroma incerta 
Procellaris ae~inoctialis 
P. cinerea 
Puffinus griseus 
P. tennuirostris 
Oceanites oceanicus 
Fregetta tropica 
Pelecanoides georgicus 
P. urinatrix 

Phalacrocopax albiventer 

Catharacta maccormicki 
C. lonnbergi 
Larus dominicanus 
Sterna vittata 
S. paradisaea 
S. virgata 

emperor penguin 
king penguin 
adelie penguin 
chinstrap penguin 
gentoo penguin 
rockt-opper penguin 
macaroni penguin 
magellanic penguin 

wandering albatross 
royal albatross 
black-brewed albatross 
grey-headed albatross 
shy albatross 
sooty albatross 
light-mantled sooty albatross 
southern giant petrel 
northern giant petrel 
Antarctic fulmar 
northerm fulmar 
snow petrel 
Antarctic petrel 
cape pigeon 
narrow-billed prion 
dove prim 
blue petrel 
white-headed petrel 
Kerguelen petrel 
mottled petrel 
soft-plumaged petrel 
Atlantic petrel 
white-chinned petrel 
grey petrel 
sooty shearwater 
short-tailed shearwater 
Wilson's storm petrel 
black-bellied storm petrel 
South Georgia diving petrel 
corrvnon diving petrel 

king shag 

south polar skua 
brown skua 
southern black bucked g.,ill 
Antarctic tern 
Arctic tern 
Kerg.,ielen tern 



Table 2L Biomass and energy consumption of Antarctic seabirds. (After Croxall, 1984). 

SU>-Antarctlc Antarctic Total 

Blomass Energy· cm~t1on Bl01118ss Energy C~\!ll!Pt1on BiONSS Energy C~tion 
(tons x lo6) (kcal x 10 2 y-1) (tons x 1o6) (kcal x 10 2 y-) (tons X lo6) (kcal x 10 y-) 

Penguins 410 22.J 198 14.1 608 )6.A 

Other Species 5J 5.1 J 0.5 56 5.6 
():) ...., 

Total 463 27.4 201 14.6 664 112.0 
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distribution of Antarctic penguins varies by species from north to south 
(Fig. 17). For exafll)le, of the three Pygoscelid species, adelie penguins 
breed farthest south, chinstrap penguins at somewhat lower latitudes, and 
gentoo penguins closest to the Antarctic Convergence (Sladen, 1964; 
Watson et al., 1971). These species are by no means mutually exclusive 
and in a few places, such as at King George Island in the South Shetland 
Islands, all three species are sympatric (Trivelpiece and Volkman, 1979). 

Carrick and Ingham (1967) suggested that the distribution of penguins 
was closely tied to suitable breeding and feeding habitat. Pygoscelid 
species require ice-free rookery areas near predictable local food 
sources. In contrast, ice-breeding species such as the Emperor penguin 
must have predictable and stable fast ice in areas accessible to good 
feeding grounds. The expanding distribution of certain penguin species 
during recent decades (Croxall and Kirkwood, 1979) may have resulted from 
increased availability of food within foraging range of suitable breeding 
habitat (Sladen, 1964; Conroy, 1975) . 

Movements 

Antarctic seabirds are known to move considerable distances in 
response to prey availability and physical factors such as ice (Falla, 
1964; Voous, 1965; Carrick and Ingham, 1970; Ashmole, 1971; Watson, 
1975). Watson et al. (1971) noted that seasonal migrations of sooty 
shearwaters, gadfly petrels, prions, blue petrels ana several other 
albatrosses are probably in response to abundant food supplies at higher 
latitudes in summer. 

The winter movements and distribution of birds in Antarctica are less 
certain. Most penguins are thought to remain south of the Antarctic 
Convergence, but flighted birds may move further north (Oordt and Kruyt, 
1953; Tickell, 1967; Parmelee, 1976; Prince, 1980b). Adelie and 
chinstrap penguins are thought to remain in the pack ice zone during the 
winter, and may swim or be carried by ice long distances from their 
breeding areas (Routh, 1949; Szijj, 1967). 

Despite the long-range movements carried out by flighted seabirds and 
that potentially may be undertaken by penguins, exchange between 
populations may be limited. The high degree of nest site and birth site 
fidelity in seabirds probably reduces genetic interchange between 
different breeding groups. For example, Watson et al. (1971) noted the 
striking difference in the sizes between northern and southern colonies 
of gentoo penguins. They interpreted these morphometric difference as 
evidence of limited gene flow between the two groups. 

Reproduction 

Reproductive biology and behavior has been investigated for many 
Antarctic seabirds including: penguins (Taylor, 1962; Tenaza, 1971; 
Trivelpiece and Volkman, 1979; Volkman and Trivelpiece, 1980; Ainley et 
al., 1983), skuas (Jones and Skira, 1979; Jouventin and Guillotin, 1979; 
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Table 22. Breeding distributions of Antarctic, subAntarctic, and 
selected southern hemisphere seabirds. (From Croxall, 1984). 
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Fig. 17. Distribution maps of the seven Antarctic penguin species 
known to breed south of the Antarctic Convergence. (From Watson, 
1975). 
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Moors, 1980; Williams, 1980a, 1980b; Trivelpiece and Volkman, 1982), Kelp 
gulls (Fraser, in prep.), and Antarctic terns (Parmelee and Maxon, 1975; 
Parmelee, 1977). 

The most comprehensive study to date of penguin breeding biology is 
the work of Ainley et al. (1983) who studied adelie penguins at Cape 
Crozier, Ross Island. After arrival at the rookery in spring, pairs 
court, and the female lays a clutch usually of two eggs Males generally 
incubate the egg for the first two or three weeks until relieved by the 
female. Males then depart to sea to feed. During the approximate five 
week .incubation period; males and females alternate incubation shifts, 
which become shorter as hatching nears. After a brooding period of 
approximately 20 days, chicks move together into creches while waiting 
for their parents to return from the sea to feed them. At approximately 
50 days of age, chicks are fledged and depart to sea. 

Croxall (1984) noted that many procellariiformes have a reproductive 
pattern generally similar to penguins. Breeding birds arrive at the 
colony and undergo pair formation, nest building, and copulation. Prior 
to egg-laying, females may depart to sea to replenish energy reserves 
while the male stays ashore defending the empty nest site. The female 
lays a clutch when she returns and both mates alternately incubate until 
hatching. At that time both parents continue to make feeding trips to 
the sea to obtain food for their growing chick. 

The timing of nesting seasons varies with latitude, life history of 
the species, and the seasonality of locally , available food. Many 
species' reproductive season corresponds with the surroer increase in 
zooplankton abundance (Fig. 18). The speci fie order and duration of 
reproductive activities for selected species was SU/lYll8rized by Croxall 
(1984) (Fig. 19). 

Factors affecting breeding success vary annually and among species. 
For example, Berruti (1979) and Croxall and Prince (1979) noted that 
albatrosses and giant petrels generally have greater breeding success 
than penguins. There is also evidence that breeding su::cess in penguins 
increases as birds gain more experience (Sladen et al., 1968; Ainley and 
Sehl at ter, 1972; Carrick, 1972; Ainley et al. , 1983) . Physical 
parameters, such as weather or ice, also affect breeding success in 
penguins. Yeates (1975) noted that poor weather conditions were often 
highly correlated with poor reproductive success in emperor and adelie 
penguins. Similarly, heavy ice conditions near rookeries can adversely 
affect breeding success (Stonehouse, 1963; Yeates, 1968; Ainley and 
LeResche, 1973; Croxall and Prince, 1979). Mild winter weather appears 
to promote increased breeding .success in wandering albatrosses at South 
Georgia (Croxall, 1979). Hence, a variety of factors can affect breeding 
success at diverse sites from year to year,' The cause and effect 
relationships between these variables requires further study. 
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Fig. 18. Timing of breeding seasons in Antarctic seabirds. Vertical bars 
represent hatching dates. Phytoplankton and zooplankton data from Hart 
(1942) and Foxton (1956) respectively. (From Croxall, 1984), 
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Fig. 19. Duration and tim;ing of breeding season. events in some Antarctic 
penguins. (Data from, in turn: Taylor, 1962; Spurr, 1975; Warham, 1974b, 
1972b, 1963, 1971b; Croxall, unpublished). First .arrow, mean laying date 
second egg; second arrow, mean hatching date; cross-hatched, at sea; 
strippled, feeding chicks; blank, in colony; M, moult. Periods of unknown 
duration indicated by?. (From Croxall, 1984). 
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Food Habits 

Prey 

Ashmole and Ashmole (1967) and Croxall (1984) noted that the 
uncritical analysis of stomach contents can lead to misleading 
conclusions. Undigestible items, such as cephalopod beaks ard fish 
otoliths, may accumulate and lead to an overestimation of the importance 
of these items. The summarized results from selected quantitative 
feeding studies are presented in Tables 23 and 24. Croxall (1984) noted 
that analyzing prey based on regurgitations and pellets avoids some of 
the problems outlined above. Still, the question of the dissolution 
rates of small fish otoliths must be considered. If otoliths are 
dissolved prior to regurgitation, the importance of such food items will 
be underestimated. Regurgitation and pellets were utilized by several 
authors (Imber, 1973; Berruti and Harcus, 1978; Berruti, 1979; Croxall 
and Prince, 1980a, 198Gb, 1982; Clarke et al. , 1981; Imber and Russ, 
1975; Imber, 1976, 1981; Johnstone, 1977). Crustaceans are a principal 
prey of seabirds in general, with Euphausiids being the crustacean most 
frequently taken (Tables 23 and 24). This pattern is the case both for 
surface-feeding and diving birds. When krill are available at the 
surface, it is not uncommon for seabirds to form aggregations as they 
feea on these patches (Ozawa et al., 1968). 

Different prey species are utilized by seabirds to varying degrees at 
different latitudes. For example, at higher latitudes, E. 
cr~stallorophias is a euphausiid most cormionly eaten by seabirds (Law's-;-
19 76). At lower latitudes, copepods and amphipods are more important 
prey items (Harper, 1972; Imber, 1973, 1981, Strange, 1980; Prince, 
1980a). These shifts in the relative importance of prey items correspond 
with the general pattern of zooplankton distribution and food webs 
suggested by Lubimova ( 1983). She suggested a krill-dominated food web 
in higher latitudes with increased dominance of copepods and amphipods in 
more northerly, ice free areas. 

Sympatric species may partition food resources by feeding in 
different areas or by selecting prey of different sizes. For example, 
chinstrap and adelie penguins have been reported to take krill of 
different sizes at Signy Island ( Wnite and Conroy, 1975). Croxall and 
Prince (1983) found a size difference in the prey taken by gentoo and 
macaroni penguins at South Georgia. Similarly, Volkman et al. (1981) 
described differences in the size of krill taken by adelie and chinstrap 
penguins at King George Island. These differences may be related to 
preferential selection of certain prey size classes or differences in the 
depths at which various species feed. Virtually nothing is known of the 
winter food habits of penguins or flighted seabirds that remain south of 
the Antarctic Convergence. 

Feeding behavior 

Antarctic seabirds partition resources by different feeding methods, 
vertical and horizontal segregation, and timing of feeding. Ainley et 



Table 23, Percentage composition by weight of items in the diet of various Antarctic seabirds 
(From Croxall, 1984). 

Species Main prey classes Crustacean prey Locality Rererence 

Squid Fish L1111prey Crustacea Carrion Eui:t,ausllds Oecapods Amphlpods Copepods 

Adelle penguin ♦ J9 61 988 2 ♦ Cape Crozier Ellllson, 1968 
Adelle penguin ♦ HD 100 ♦ S. Shetland I. Volkfflwi et el, lll81 
Chinstrap penguin 4 96 100 ♦ s. Shetland I. Croxall end Furse, 1980 
Chinstrap penguin ♦ 100 100 ♦ S. Shetland l. Vollallen et al., 1981 
Gentoo penguin 15 85 100 ♦ S. Shetland I. Volk-' et el., 1981 
Gentoo penguin 32 68 100 ♦ South Georgia Croxell end Prince, 19808 
Macaroni penguin 2 . 98 100 ♦ South Georgie Croxell and Prince, 198()11 
Macarcni penguin 25 75 75b + S, Shetland I. Croxell and Furse, 1980 
Black-browed albatross 21 J8 l 110 ♦ 95 2 •. 5 2.5 South Georgie Prince, 1IJ80b 
Grey-heeded albatross 49 24 11 16 96 2 2 South Georgie Prince, 198()1> 
Light-mantled sooty 47 11 41 ♦ 89 10 l South Georgie Tholles, 1982 

albatross 
Dove prion l 2 97 60 8 32 South Georgia Pr !nee , 19808 
Broad-billed prion l 2 97 6C ♦ 20 Chett,p I. Illtler, 1981 
Blue petrel l 8 91 90 l 5 4 South Georgia Prince, 19808 
White-chimed petrel 47 24 29 96 2 2 South Georgie Prince, ~lished 
Grey-raced petrel · 58 28 12 17e .54 ♦ New Zealand Illlber , 1973 
South Georgie diving 100 76 4 20 South Georgie Payne and Prince, 1979 

petrel 
C(lla(Jfl diving petrel 100 15 17 68 South Georgie Payne end Prince, 1979 
White-faced storm JO 70 67d 14 ♦ Chethin I. llllber, 1981 

petrel 
1oot Grey-backed storm + 7c 7 Chethllll I. Illlber, 1981 

petrel 

Eui;t,ausllds were ell h !Upeibe except 8 991' h crystallorofi)ias, b 501' Thysenoessa ~. c NyctlphEnes austrelis, d 11111lnly N. australis end 
Nematoscells megelopds; remaining crustaceans (~) were brechyurans, storretopods end rnyslds. - ~- · 

e Renlllnlng crustaceans (281') were mysids . 
t 851' were larvae/juveniles or~ eustrelis (Cirripedle). 
+ Present ln small quantities. · 

"' \J1 



Table 24. Estlnated average prey composition, by weig,t, or stonac:h contents or seebirds fr1J11 local1Ues or the South Pacific Q::ean and Ross 
5eaa_ (Fran Ainley et al., 198'\). 

Deep oceanb Cmtlnental slope/J Cait1nental shel'rb 

Species 
C s F" C s F 0 C s F" 0 

Adelle Penguin 500.4 12.0 840.6 0.8 
(97 .7) (2.J) (99.9) (0.1) 

Ll fj,t-lllS'l tl ed 14.6 
Sooty Albatross (100) 

Southern Giant Fulnar 21.9 72.0 ,.o 
(22.6) (74.J) 0.1) 

Swthem Fulnar 21.2 Jll.6 
(6.4) (9'.6) 

Cape Petrel 0.8 27.0 
(2.9) (97 .1) 

Antarctic Petrel 4.4 114.5 10.4 J9.4 10.0 0.1 
(J.9) (96.J) (17.4) (65.8) (16.7) (0.2) 

Snow Petrel 4.2 8.0 9.9 17.0 0.5 J.5 J8.4 '° 
('4.4) (65.6) (J6.8) (6J.2) (l.l) (8.J) (90.6) 

0-, 

!tittled Petrel 2.1 J'21.6 ,.o 
(0.7) (98.4) (0.9) 

Wilson's Storm-Petrel 1.2 1.5 0.5 0.1 
(36.J) (45.5) (15.2) (J.0) 

Arctic Tern J.7 
(100) 

SOuth Polar Skua 120.0 19.5 o., 8.0 28.8 1.0 
(86.0) (14.0) (0.8) (21.0) (75.6) (2.6) 

a Oiet composition expressed by wei!t)t in grens; percent composition given in parentheses. oata extrapolated rrom 
Tables 5, 6, 7, 9, 10. 
b c = crustacean, S = squid, F = fish, 0 = other. 
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al. (1984) described a variety of feeding methods used by Antarctic 
seabirds (Table 25). Croxall (1984) noted several feeding behaviors used 
by surface-feeding species including seizing prey, while the bird floats 
at the surface; plunging, exhibited by terns; and surface diving, col'MlOn 
among petrels. Vertical and horizontal segregation further define 
individual niches (Croxall and Prince, 1980a; Croxall, 1984) (Table 26). 
Diving species exhibit preferred feeding depths that differ among groups 
(Kooyman et al., 1971; Conroy and Twelves, .1972). Larger species of 
penguins dive to depths of up to 265 m, whereas some of the smaller 
petrels and less highly adai)ted species such as shags make shallower 
feeding dives. Lishman and Cr ox all (1983) recorded diving depths for 
chinstrap penguins of up to 70 m at Signy Island. Seabirds also 
partition food resources through different foraging ranges (Fig. 20); 
larger flighted seabirds can forage much farther afield from nest sites 
than the penguins (Croxall and Prince, 1983). · Finally, the preferrea 
time of day for feeding activities varies among different species (Ainley 
et al., 1984). For example, emperor penguins showed a peak feeding 
activity at 0900 - 1400 h whereas adelie penguins preferred 0300 - 0500 
for feeding. 

Role in the Ecosystem 

The role of Antarctic seabirds in the marine ecosystem is one of 
considerable importance. Although much remains unknown about the 
distribution, abundance, and energetics of Antarctic seabirds, even rough 
estimates of biomass and potential prey consumption indicate the . 
magnitude of these predators' impact in structuring the marine 
community. Croxall and Prince (1982) and Croxall et al. (1984) estimated 
the prey potentially consumed by the principal groups of seabirds (Table 
27). Those figures indicate that the annual krill consumption by 
seabirds in the Scotia Arc area may be as high as 16 million metric 
tons. Considerable amounts of fish and squid are also consumed. Croxall 
( 1984) estimated that seabirds throughout the Antarctic may consume as 
much as 115 million metric of krill annually. He noted . that this amount 
was much more than the amount assumed to be eaten by whales and nearly 
two-thirds of the . estimated annual krill consumption by seals. Hence, 
Antarctic seabirds clearly have an important ecological role in the 
marine community. 



Table 25. Feeding behaviors of Antarctic seabirds. (Fron Ainley et al., 1984) . 

Percent of a:iservatlons 

Ccn- Total Percent 
tact Pursuit surface Sea- no. near 

Species Dip Dip Patter Plunge Dive Seize venge Pirate obs. lee& 

Southern Fulrre r 100 6 0 
lltltarctic Petrel 7 40 20 6 21 3 3 71 11 
Snow Petrel 35 55 2 4 4 55 69 
Mottled Petrel 67 33 3 0 
Wilson's Storm-Petrel 9 14 74 3 35 11 
Black-bellied Storm 

Petrel 100 9 0 "' 
South Polar Skua J2 27 2J 16 22 4 00 

---
8 Feeding in water within 1 m of ice floes. 



Table 26. Feeding zones of Antarctic seabirds. (Fran Croxall, 1984). 

Inshore Intermediate Offshore Intermediate Pelagic 

Diving Gentoo pe,guin Macaroni penguin 
Chinstrap penguin Adelle penguin King penguin 

Diving petrels 

Surface I.Cl 

feeding Storm petrels Black-brOl'led albatross Wandering albatross I.Cl 

Diving petrels Grey-headed albatross Sooty albatrosses 1· 

Giant petrels Snow petrel White-chinned petrel 
Antarctic skua Antarctic fulmar Grey-faced petrel 
Antarctic tern Cape pigeon Grey petrel 

Prions Blue petrel Kerguelen petrel 
Antarctic petrel White-headed petrel 
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Fig. 20. The maximum estimated foraging ranges of seven species during 
chick-rearing. Estimated from swimming/flying speeds and duration of 
feeding trips at sea. The dotted lines are shelf-boundaries. (From 
Croxall and Prince, 1983). 
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3 Table 27. Estimated food consumption (tons x 10) of seabirds in the 
Scotia Sea. (After Croxall et al., 1984). 

Specte1 South le ■ t Total lrtll Squid rtah Cope pod uphipod Others 
Geor1i.a 

Kint: ~nguln 65.4 65 .4 45 .8 19.6 
A.,etenodilea 2•tagonlcu1 
Adelte pen1uin 464.6 464 .6 464 .6 
P'l&o1celi1 1del1ae 
Ch inst rap penguin 2.s 3847 ., 3850.2 3850.2 
r. antarctic• 
Gentoo penguin 84 .5 35.S 120.0 81 .6 ll.4 
~ 
Macaroni penguin 3917 .I 7 •• 3924 .9 3806.S 71.5 
Eudy:f:Cel chr):soloehus 
Val\dertng albnrou 2,9 2.9 0.3 2 .) O.J 
t,ioaedea u;ulana 
llact.-broved 11 b11t roll 21 .7 21 .7 8.3 4 .6 8.5 0.2 0.2 
o. aelano2hry:1 
Grey-headed al bat rou 41 .9 41 .9 6.3 20.6 14 .7 0.4 
o. chr l .1101t o•• 
Light-aantled sooty albatroui 4.9 4 .9 I .8 2 .3 0 .6 0.2 
Phoebet r!a 2;al 2ebrat a 
Southern g{af'lt pet rel 3.3 11.4 14.7 11.7 2.0 1.0 
Hac.ronect es t anttul 
Northern giant pet rel 2 .3 2.3 I .5 0.6 0.2 
K. ha!U 
~c fuh1ar 640.3 640.3 544 .2 96.0 
Fulaarus e; lacialotdes 
Cape pigeon 3.6 179:6 183.2 I 55.7 27 .5 
Da,ecion ca.2:ense 
Snow petrel 0.5 77 .8 78 .] I 62 .6 7.8 7 .8 
Pa1odroaa n:I vea 
Dove prlon 2319 .7 26.4 2346.1 1360.7 23.S S4 .6 727 .3 187. 7 
Pach )'.:f?:l1la desolata 
Blue pet rel 8.0 8.0 6.6 0.1 0 .6 0.J 0.4 
Halobaena caerulea 

White-chinned pet rel 770.5 770.5 
Procellaria ac~u1noctialis 

2J0. i 365.8 186.8 7 .8 

Vilson•• stor• petrel 9.5 79.3 U.8 40.0 4.4 ]5 .5 8.9 
Oceanl.tea oceanicus 
llack-bellled ator■ petrel 0.5 2.2 2. 7 1.3 0.1 1.1 0.3 
l!letta troe tce 
Coaaon dlvtng petrel 352.6 352.6 48, I 250.0 54 .5 
Pelec.anoidea: w. e:nul 
South Georgl a di11lng ~t rel 165.2 165.2 125.6 33.0 6.6 
P. geor1J cus 
llu.e--eyed •hag 4 .7 8.4 13.1 
Phal.acrocoru atr1ce ,e■ 

1.0 11.3 0.3 o.s 
Antarctic tern 0.3 5.2 5.5 o.a 2.7 0.1 1.1 
Stern. ¥1Uata 
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CHAPTER 7: . ANTARCTIC SEALS 

Introduction 

Reviews by Laws, (1964, 1977a, 1977b), Bonner and Laws (1964), 
0ritsland (1970, 1977), Ray (1970), Erickson and Hofmann (1974), Gilbert 
and Erickson (1977), and SCAR/SCOR (1983c) described the general biology 
and ecology of Antarctic seals. The excellent review by Laws (1984) has 
provided an up-to-date and comprehensive sUllVTiary of current knowledge of 
Antarctic pinnipeds. 

Species Composition 

Eight species of seals occur in the waters south of the Antarctic 
Convergence. Of these, 4 are true Antarctic seals (crabeater seal, 
leopard seal, Ross seal, Weddell seal); 2 are sub-Antarctic seals 
(southern elephant seal and Antarctic fur seal); and 2 are transient 
species whose main distribution is north of the Antarctic Convergence 
(New Zealand fur seal and the sub-Antarctic fur seal) ( Table 28) . 
Because of their relatively small numbers and limited time south of the 
Convergence, New Zealand fur seals and sub-Antarctic fur seals are not 
considered in depth in this paper. 

Distribution 

The 4 true Antarctic seals have a circumpolar distribution. 
Crabeater, leopard, and Ross seals inhabit the pack ice zone whereas 
Weddell seals generally are associated with fast ice. Antarctic fur 
seals and southern elephant seals occur in the vicinity of sub-Antarctic 
islands and along the Antarctic Peninsula. 

Crabeater Seals 

Unconsolidated pack ice, covering 30% - 70% of the water surface, is 
apparently the preferred sunmer habitat of crabeater seals (Siniff et 
al., 1970; Erickson et al., 1971). Gilbert and Erickson (1977) found 
that this species is likely to be distributed relatively close to the 
edge of the pack ice in cake and brash ice of 7 to 8 octas 
concentration. This strong association with the pack ice edge accounts 
for a large seasonal movement from north to south as the pack ice zone 
fluctuates around the Antarctic continent (Fig. 21). Hence, as the ice 
edge is receding during the summer, crabeater seals roove southward 
(Bertram, 1940; Turbott, 1952.; Bonner and Laws, 1964; Solyanik, 1964). 
As sea ice forms in the autumn and the edge of the ice advances, 
crabeater seals apparently move north. In early spring, in the months of 
August through October, crabeater seals are present mostly along the 
northern perimeter of the ice edge (~ritsland, 1970; Siniff et al., 
1977a; Siniff et al., 1978; Siniff et al., 1979). 
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Table 28. Pinnipeds and cetaceans found in waters south of the Antarctic 
Convergence. 

GRClP 

PHCCI~E 

OT ARI IDAE 

MYSTICETI 

ODONTOCETI 

s='EC IFI C NAt-£ 

Lobodon carcinophag.is 
Hydrurga leptonyx 
Onmatophoca rossi 
Leptonychotes weddelli 
Mirounga leonina 

Arctocephalus gazella 
A. tropicalis 
A. forsteri 

Family: Balaenopteridae 
Balaenoptera rrusculus 
B. musculus brevicauda 
B. physalus 
B. borealis 
B. acutorostrata 
Megaptera novaeangliae 

Family: Balaenidae 
Balaena glacialis 

Family: Physeteridae 
Physeter macrocephalus 

Family: Ziphiidae 
Beradius arnuxii 
Hyperoodon planifrons 

Family: Dephinidae 
Orcinus area 
Gl oo.icepha la melaena 
Lagenorhynchus cruciger 
Cephalorhynchus commersonii 

Family: Phoceonidae 
Phoceona dioptrica 

crabeater seal 
leopard seal 
Ross seal 
Weddell seal 
southern elephant seal 

Antarctic fur seal 
sub-Antarctic fur seal 
New Zealand fur seal 

blue whale 
pygmy blue whale 
fin whale 
sei whale 
minke whale 
humpback whale 

right whale 

sperm whale 

Arnoux's beaked whale 
bot tlenose whale 

killer whale 
long-finned pilot whale 
hourglass dolphin 
Corrmerson's dolphin 

spectacled porpoise 
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Fig. 21. Satellite images of Antarctic sea ice. Distributions shown 
represent monthly mean values for 1973-1976 (from Zwally et al., 1983). 
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This annual north-south movement of the ice probably serves to 
concentrate the seals during periods of minimum ice cover. For example, 
in late February and March· along the Antarctic Peninsula, dense groups of 
crabeater seals are c01M1only seen (Siniff et al., 1970). Up to 200 seals 
have been seen on one ice floe at that time of year (Bengtson, personal 
observation). February and March censuses by Siniff et al. (1970) 
revealed an average density of 1.6 seals/km2. These aggregations of 
seals may be concentratea by the loss of suitable substrate as the pack 
ice edge recedes. In contrast, densities of crabeater seals in the 
spring are much lower. Siniff et al. (1979) observed a spring time 
density of 0. 7 and 0. 8 seals/km2 in 1976 and 1977, respectively, in the 
Weddell Sea . 0ritsland (1970) observed crabeater seals within a density 
range of O. 28 to 0. 97 /km2. Individuals observed in the pack ice at 
that time of year are mostly breeding age individuals. They have 
presumably dispersed through the pack ice to . undertake reproductive 
activities. The non-breeding segment of the population apparently 
remains together in concentrations that are found in fast ice bays 
(Siniff et al., 1979). 

Whether the concentrated groups observed in the fall remain together 
during the winter is unknown; however, in spring dense concentrations are 
also seen occasionally (Siniff et al., 1977a; Siniff et al., 1979). Such 
groups, which have also been reported by Laws and Taylor (1957), Solyanik 
(1964), and Lindsey (1938), are known to include primarily juvenile 
animals or older females which did not breed in the past season (Fig. 
22). Price (1980) reported the arrival and departure of over 200 
crabeater seals at Signy Island in June, 1980. 

The presence of juvenile crabeater seals in aggregations may 
bepartially a response to predation by leopard seals, which is known to 
be significant (Siniff and Bengtson, 1977). Several authors have noted 
that weaned pups congregate in fast ice or dense pack ice areas near land 
(Lindsey, 1937; Bertram, 1940; Hofman, 1975). Stirling and Kooyman 
(1971) documented the arrival of sub-adult crabeater seals at McMurdo 
Sound near the end of summer. Young inexperienced seals may use this 
behavior as an anti-predator strategy when they are vulneraole to attacks 
by leopard seals. 

Leopard seals 

The distribution of leopard seals is similar to that of crabeater 
seals, perhaps due to the importance of krill and crabeater seals in its 
diet (Gilbert and Erickson, 1977). Although certainly primarily found in 
pack ice habitats, this species (particularly juveniles) occasionally 
hauls out on some of the sub-Antarctic islands (Kemp and Nelson, 1931; 
Hamilton, 1939; Bechervaise, 1963; Scheffer, 1958; Kooyman, 1981c). 

Seasonal movements of leopard seals, as with crabeater seals, are 
apparently strongly correlated to fluctuations in pack ice cover. 
Seasonal fluctuations in the numbers of leopard seals have been reported 
around Palmer Station (Hofman et al., 1977) and Heard and Macquarie 
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Fig. 22. Length frequencies of individuals collected in the austral 
spring in (A) family groups, (B) male-female pairs, and (C) concentrations 
on fast ice. (From Siniff et al., 1979). 
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Islands (Rounsevell and Eber~ard, 1980). Local seasonal movements and 
distribution near penguin colonies along the coasts of the Antarctic 
continent and adjacent waters has been documented by Bechervaise ( 1963), 
Penny and Lowery (1967); 0ritsland (1970), Erickson et al. (1971), 
t-uller-Schwarze and Muller-Schwarze (1971, 1975), and Dawson ( 1974). It 
is, however, difficult to ascertain whether these sightings are 
indicative of a widespread seasonal behavior pattern among leopard seals, 
or the result of biased sightings from land-based observers. 

Ross seals 

Ross seals are distributed in dense ice areas (Gilbert and Erickson, 
1977) throu~hout the circumpolar pack ice. There appear to be areas of 
higher densities of Ross seals (King, 1964; Erickson et al., 1969, 1972; 
Erickson, 1971) especially between 6°E and 6°w (Condy, 1976). 

On the basis of limited data, the breeding distribution appears to be 
widespread. Pups have been observed south of the Scott Islands 
(Tikhomirov, 1975), and near the South Shetland Islands (Solyanik, 1964; 
DeMaster et al., 1980). Seven fetuses were collected from females near 
the South Orkney Islands in September and October of 1964 (0ritslano, 
1970). Possible seasonal movements of Ross seals are completely unknown, 
although they are thought to be influenced by seasonal fluctuations of 
pack ice. 

Weddell seals 

In contrast to the other ice seals, Weddell seals are associated 
principally with fast ice near the continent. - Small breeding populations 
also occur in _ the . South Shetland Islands, South Orkney Islands, South 
Sandwich Islands, and at South Georgia (Bonner, 1958; Laws, 1984). Their 
preferred pupping habitat is stable fast ice with predictable annual tide 
cracks (Stirling, 1969c; Siniff et al. , 1977b; DeMaster, 1978). 
Non-breeding . Weddell seals range into the pack ice, but no preference for 
a particular type of pack ice has been demonstrated (Gilbert and 
Erickson, 1977). Smith (1965) suggested that the majority of the McMurdo 
Sound population moved north into pack ice during the winter. Others. 
contend that the population is resident throughout the winter (Lindsey, 
1937; Bertram, 1940; Stirling, 1969c; Davis et al., 1982). 

Fur seals 

Bonner (1968, 1976, 1981) reviewed the distribution of the three fur 
seals which are found in Antarctic waters. Of these, the Antarctic fur 
seal (Arctocephalus gazella} is the most abundant and the only one that 
breeds primarily south of the Antarctic Convergence. Antarctic fur seals 
are distributed from the South Shetland Islands eastward to Heard Island 
and north to Prince Edward Island (Bonner,. 1981) (Fig. 23). The 
principal breeding population is at South Georgia which, with the Willis 
Islands, served as the nucleus population for the recovery of the species 
following 19th century overexploitation. The breeding range of 
Arctocephalus tropicalis is north of the Antarctic Convergence from 
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Fig. 23, Distribution of Arctocephalus fur seals, circumantarctic 
species (from Bonner, 1968 and Repenning et al., 1971). (From Bonner, 
1981) . 



- I 09 -

Tristan de Cunha to Amsterdam Island. ln the non-breeding season, 
individuals are known to come south of the Convergence and have been 
identified at South Georgia (Payne, 1979). The sub-Antarctic fur seal 
and the Antarctic fur seal overlap at Macquarie Island (Shaugnessy, 
unpublished data) and at Marion Island, where both are present in 
breeding groups and apparently hybridize (Candy, 1978b). The New Zealand 
fur seal Arctocephalus forsteri, breeds at New Zealand and south of New 
Zealand, but is known to occur on some of the sub-Antarctic islands such 
as Macquarie, Campbell, and Antipodes (Wilson, 1981). 

Very little is known about the distribution of any of these species 
during the non-breeding, pelagic phase. Ainley (pers. comm.) has seen 
"fur seals if.'l abundance" at sea as far south as the northern edge of the 
pack ice in the Scotia/Weddell Seas. Antarctic fur seals tagged at South 
Georgia have been sighted at the South Orkney Islands, the South Shetlana 
Islands, and Tierra ael Fuego (Hunt, 1973; Payne, 1979). Payne ( 1979) 
suggested that Antarctic fur seals may undertake a seasonal migration 
similar to the one exhibited by northern fur seals (Callorhinus ursinus) 
in the North Pacific. , If such a migration occurs, it may have gone 
undetected due to the low population levels of fur seals since their 
exploitation in the 1800 's (Laws, 1984). 

Elephant seals 

Southern elephant seals are distributed throughout the sub-Antarctic 
and southward along the - Scotia Arc and the Antarctic Peninsula. - The 
principal breeding sites are at South Georgia, Kerguelen, Heard, and 
Macquarie Islands (Laws, 1960a). Breeding sites are known as far south 
as Avian Island (laws, 1960a; Muller-Schwarze et al., 1978) and Peterson 
Island near the Antarctic continent (Murray, 1981). Breeding and 
non-breeding indiviauals are occasional visitors to northerly continental 
areas as well (Ling and Bryden, 1981). The distribut_ion of past and 
current breeding and non-breeding sites for elephant , _5;eals was described 
by Scheffer (1958) and Carrick et al. (1962). 

The movements of southern elephant seals <iJring the non-breeding 
season are generally unknown. However, sightings of tagged individuals 
as described by Laws (1984) indicate that these seals may range as far as 
2400 km from their breeding grounds (Laws, 1960a; Dickenson, 1967; 
Ingham, 1967; Hunt, 1973; Scolero, 1976; van Aarde and Pascal, 1980; 
Murray, 1981). 

Stock Discreteness 

Evidence for discreteness of Antarctic seal stocks varies between 
species (Seal et al., 1971a, 1971b). An evaluation of protein 
polymorphisms indicated no intraspecific differences for crabeater, 
leopard, or Ross seals sampled in different areas, but some differences 
for Weddell seals (Seal et al., 1971a, 1971b; Hofman, 1975). The lack of 
fixed land or fast ice breeding sites for pack ice species may result in 
less isolation, . leaaing to greater gene interchange between individuals 
in different geographic areas. 
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It is not clear from limited tagging work whether pack ice species 
make significant movements east to west. Two crabeater seals tagged 
along the Antarctic Peninsula were resighted in the same area two years 
later (Siniff et al., 1980). likewise, Hofman and Flesness (pers. 
corrrnn.) resighted a tagged leopard seal near Palmer Station where it had 
been tagged one year earlier. Whether these examples were representative 
of the population remains unproven, but these cases provided sane 
evidence of area fidelity. The lack of observers outside of study areas 
probably biased the probability of resighting tagged seals. 

There is evidence of discrete stocks of Weddell seals (Stirling, 
1969b, 1971a) such as the population at White Island south of M:Murdo 
Sound (Stirling, 1972). Protein polymorphisms in Weddell seals exhibit 
some differences between samples taken at distant localities around the 
Antarctic continent (Shaughnessy, 1969; Seal et al., 1971a, 1971b, 
Hofman, 1975). Furthermore, analyses of vocalizations has shwon that 
populations on opposite side of the continent have significantly 
different repertoires (Thomas and Stirling, 1983). The strong breeding 
site fidelity in Weddell seals (Stirling, 1969b, 1969c; DeMaster, 1978; 
Croxall and Hiby, 1983) is probably an important factor in isolating 
populations. 

Al though the degree of discreteness that may have been present in 
pre-exploited Antarctic fur seal stocks is unknown, present individuals 
apparently all are decendents of the small group of Antarctic fur seals 
which escaped exploitation at the Willis Islands near South Georgia 
(Bonner, 1964, 1968, 1981). An exchange of seals between areas currently 
occupied in the Scotia Arc is evident fran tag returns (Payne, 1979; 
Hunt , 1973) . 

Al though no differences were detected in protein polymorphisms in 
southern elephant seals (Seal et al., 1971b), there is no evidence of 
interchange between the 3 main breeding groups (Laws, 1984) . Tagging 
studies have indicated only movements within these areas. Taggea 
elephant seals have traveled between South Georgia, the South Orkney 
Islands, South America, and the South Shetland Islands (Dickenson, 1967; 
rlunt, 1973; Scolero, 1976). Movements have also been recorded in the New 
Zealand sector between New Zealand, Campbell Island, Chatham Island, and 
Macquarie Island (Ingham, 1967). Finally, movements within the 
Kerguelen, Heard, and Marion Island group have been reported ( van Aarde 
and Pascal, 1980). 

Abundance 

The abundance of Antarctic seals has been estimated differently for 
various species. Pup counts are most often utilized for fur seals, 
Weddell seals, and elephant seals, which breed at traditional sites on 
land or fast ice. For pack ice species, estimates are calculated from 
census transects supported by ship or aircraft (Laws, 1980; SCAR/SCOR, 
1983c). 
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Ice seals 

Despite the considerable logistical obstacles of censusing pack ice 
seals, several efforts have been made to estimate the size . of these 
populations (Siniff et al., 1970; Erickson et al., 1971; Gilbert, 1974; 
Gilbert and Erickson, 1977; Hoshiai, 1981; SCAR/SCOO, 1983c; Ainley, 
1984). Strip censuses flown from helicopters off U.S. icebreakers have 
formed the basis of many of these estimates. Surveys have concentrated 
on the 6 residual pack ice ar~as as identified by Gilbert and Erickson 
(1977) (Fig. 24). A variety of parameters affect these estimates, 
including activity patterns, haul-out rates, transect width, weather, 
light conditions, and ability to spot seals behind drift ice (Siniff et 
al., 1970; Erickson et al., 1971; Gilbert and Erickson, 1977). Laws 
(1980, 1984) reviewed recent census work, and a sUMlary of recent 
population estimates is presented in Table 29 (SCAR/SCOR, 1983c). 

-Initial estimates of crabeater seal abundance at 5 - 8 million 
(Eckland and Atwood, 1962) probably underestimated the population because 
of different techniques. Moreover, there may have been smaller 
populations of crabeater seals at this time. Laws (1984) reviewed 
information from Beddington and Grenfell (1980) and Laws (1977a) 
suggesting an annual rate of increase for tne crabeater seal population 
of approximately 7 .5% over the past several decades. Laws speculated 
that a similar increase in abundance had occurred for leopard seals. 

These assumed population increases thought to be a response to 
declining whale populations and the subsequent increase in krill 
availability. Indirect evidence of increased survival and growth rates 
from reproductive materials supports the idea that krill availability did 
indeed increase during this period (Bengtson and Laws, 1984). However, 
since 1962, there is evidence that crabeater seal growth rates along the 
Antarctic Peninsula slowed and age at maturity increased (Bengtson and 
Laws, 1984). These data suggest a potential leveling off in any 
population increase which may have been occurring (Bengtson, 1984). 

Although censusing Weddell seals at breeding sites is relatively easy 
because it pups on fast ice (Siniff et al., 1977b) 1 counts from many 
remote breeding sites are not available (DeMas ter, 1979). It is not 
known whether · the population sizes of Weddell seals has been changing. 
The local abundance of Weddell seals in the 1-t::Murdo Sound area was 
reduced during the early l900's and the l950's as this population was 
exploited to feed dog teams. In recent decades the population. has 
apparently increased and is now relatively stable at approximately 2,500 
(Stirling, l97la,b; DeMaster, 1979). There are no aata available from 
which potential changes in t _he abundance of Ross seals could be detected. 

Fur seals and elephant seals 

Antarctic fur seals were estimated to nunber from l - 2 million 
individuals prior to exploit at ion in the 19th century (Bonner, 1976). 
The unregulated slaughter of these seals, reducing their total population 
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Fig. 24, Six residual pack ice regions presumed to constitute 
population centers for pelagic Antarctic seal in the austral 
summer. (From SCAR/SCOR, 1983c), These regions were as follows: 

A. Amundsen and Bellingshausen seas 
B. Oates Coast 
C. Wilkes Land 
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D. Queen Maud Land 
E. Halley Bay 
F. Weddell Sea 
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Table 29. Estimates of Antarctic seals in pack ice. Estimates from 
Erickson et al., 1970, 1974, 1983; .Gilbert and Erickson, 1977; Siniff 
et al., 1970. (From SCAR/SCOR, 1983c). 

Area and date Crabeater Leopard Weddell Ross Total 

Weddell Sea (68-69) 9 422 150 171 538 291 944 25 566 9 911 198 

Amundsen/ 1 193 365 48 619 45 815 21 631 l 309 430 
Bel lingshausen ( 71- 7 2) 

Oates and George V 472 424 23 194 64 869 63 964 624 451 
Coasts 

Wilkes Land 1 179 849 86 860 49 462 16 889 1 333 060 

Queen Maud Land 1 059 125 11 224 285 584 9 976 l 365 909 

Halley Bay l 093 702 63 503 20 978 22 413 l 200 596 
Region 

14 420 615 404 938 758 652 160 439 15 744 644 

Crabeater estimates were increased according to haulout rate 
correction factors 

Other estimates had no correction factors applied 
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to some tens or hundreds of individuals, has been well documented by 
Bonner (1964, 1968, 1981). Following the collapse of Antarctic sealing, 
stocks began to recover. This recovery has been reviewed by Bonner 
0976), Laws (1977a, 1973), and Payne (1977, 1978). Population growth 
has been at a rate estimated to be between 15% and 17% annually (Laws, 
1979). Concurrent with this increase in numbers, the recent geographic 
range of Antarctic fur seals has also been extended (Bonner, 1976). Fur 
seals have re-established breeding colonies in the South Orkney, South 
Sandwich, and South Shetland Islands as well as in other parts of their 
range (Paulian, 1952; O'Gorman, 1961; Holdgate, 1963; Aguayo and Torres, 
1966; Holdgate et al. , 1968; Budd, 1970; Erickson et al., 1970. The 
current population size of Antarctic fur seals is estimated to be over l 
million individuals (Table 30). These estimates are based on pup counts 
adjusted to include breeding females and males. The estimated abundance 
of sub-Antarctic fur seals is presented in Table 31. 

Table 32 presents current population estimates for southern elephant 
seals (SCAR/SCOR, 1983c). In contrast to estimates for other Antarctic 
seal species, these estimates (of individuals that haul out) are known to 
be relatively accurate because of the relative ease with which these 
seals can be counted at accessible, known breeding sites. Elephant seals 
are increasing in some areas and decreasing in others (McCann, 1983). 
Condy (1978a) estimated a decline of approximately 69.5% at Marion Island 
between 1951 and 1976. A more recent evaluation (SCAR/SCOR, 1983c) 
indicates that elephant seals throughout the Antarctic and sub-Antarctic 
may be declining at a rate as high as 8% - 11% annually. 

Social Organization and Reproductive Behavior 

The social and reproductive behavior of the six Antarctic seals 
varies widely and is, in part, associated with breeding habitat and 
predatory pressure. Crabeater, leopard, and Ross seals inhabit an 
unstable area of constantly shifting pack ice. Weddell seals breed in 
areas of predictable fast icE, allowing association with specific sites. 
Elephant and fur seals have social systems adapted to female aggregation, 
terrestrial parturition, and seasonal breeding at specific sites on land. 

Crabeater seals 

Aspects of the social organization and reproductive behavior of 
crabeater seals have been described by King (19.57), 11lritsland (1970), 
Corner (1972), Siniff and Bengtson (1977), and Siniff et al. (1977a). 
Siniff et al. ( 1979) provided the most detailed description, and cited 
four social categories: family groups, male-female pairs, aggregations, 
and lone seals. 

In the austral spring, pregnant females disperse throughout the pack 
ice zone, haul out on ice floes by themselves and deliver their pups. 
Females remain on the ice with their pups for the next 3 - 4 weeks, at 
which time the pup is weaned .. During the suckling period, males search 
the pack ice for females and pups. When a male finds a female and pup, a 
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Table 30. Population estimates of Antarctic fur seal !:._ gazella. 
(From SCAR/SCOR, 1983c). 

Area 

South Georgia 

South Orkney 
Islands 

South Sandwich 
Islands 

South Shetland 
Islands 

Antarctic 
Peninsula 

Bouvet Island 

Heard Island 

MacDonald Island 

Iles Kerguelen 

Iles Crozet 
(Possession 
Island) 

Marion Island 

Prince Edward 
island 

Macquarie_,... 
Island 

* Present 

Numbers 
Pups Total 

220xl03 l,09xl0~ 

100 ? 

* 400 

C , 300 > 6 600** 

? 500*'* 

>950 4 000 

300 4 000 

100 300 

* > 1 800 

* 20 ? 

43 160 

30 :! <200 

< 20 < 50 

Trend 

♦ 

? 

? 

? 

♦ 

♦ 
? 

♦ 

♦ 
♦ 

Reference 

Payne, 1977; Doidge & 
Croxall, in prep. 

BAS, unpublished data 

O'Gonnan, 1961 

Aguayo, Maturana & 
Torres, 1977; 
Torres, unpublished data 

Torres, unpublished data 

Baftorn, Somme & Gray, 
1981 

Johnstone, pers. comm. 

Johnstone, pers. comm. 

Bester 1981; Jouventin, 
Stahl & Weimerskirch, 
1982 

Jouventin, Stahl & 
Weimerskirch, 1982 

Kerley, 1983 

Kerley, 1983 

Johnstone, pers. comm. 

- Almost all of these animals are probably migrants from South 
Georgia, and hence have already been included in the estimates 

•- Both 1:"ropicalis and f!O,JlBlla. are present, but id~ntity of pup~ is 
unknown 
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Table 31, Population estimates of sub-Antarctic fur seal~ tropicalis. 
(From SCAR/SCOR, 1983c). 

Numbers 
Area Pups Total Trend Reference 

Gough Island 53 076 200 000 ♦ Bester, 1980 

Tristan da Cunha > 20 > 1 200 ♦ Bester, 1980; Wace & 
Group Holdgate, 1976 

Marion Island 3 813 19 857 ♦ Kerley, 1983 

Prince Edward 2 300 14 761 ♦ Kerley, 1983 
Island 

Iles Crozet > 58 300 ♦ Jouventin, Stahl & 
(Possession Weimerskirch, 1982 
Island) 

Amsterdam Island 10 898 35 000 ♦ Hes & Roux, 1983 

St Paul Island 7 ♦ Segozac, 1972 

Macquarie Island* 20 50 ♦ Johnstone pers. comm. 

* Both gazeL'l,a and t-r-opiea.Lis are present, but identity of pups is 
unknown 
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Table 32. Annual pup production and population estimates*of Southern 
Elephant seal~- leonina populations. (From .SCAR/SCOR, 1983b). 

Nul!Cer of Nul!Cel" of Reference to 

~ea pups born seals age I+ Trend pups borne 

South Georg I a 100 000 350 000 1 Laws, 1960 

Swth Orkney Islands < 100 < 350 ' L11ws, 1960; BAS unp lb II shed dat 11 

South Shetland lsl11nds :soo 1 0'50 7 Mui !er-Schwarze et 111,, 1978 <der lved > 

f"alkland I slends 1 000 3 500 ' Lsws, 1960 

Ga;gh Is I and < 100 < 350 - Bester, 1980 

Pategonl II 3 933 13 800 t Scolaro, 1976 

Bouvet Island .. 350 7 Haftorn, 5olffle & Gray, 1981 

Iles Kerg.ielen 45 000 157 500 ' Pasca I, 1979; van "8rde, 1980 (der lved) 

Heard Island 23 000 80 500 ? Carrick & lngh11111, 1962 

lotlrlon Island 1 100 3 850 ' Condf, 1979 

Iles Crozet c. :, 000 10 500 • Barr at & Moug1n, 1978 (der lvedl 

Ansterd1111 1 sland ? 25 1 Roux, unplbl lshed ·data 

Macquarie Island 39 000 136 500 1 Carrick & lngh11111, 1962 

Campbel I Isl 11nd 130 455 ? Sorenson, 1950 

* Bllsed on Mc:Cann Cl n ?"ess) 

** Present 
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"family group" is formed. A male defends his female until she becomes 
receptive and copulation is completed. Family groups consisting of an 
adult female, her pup, and an adult male are present throughout the 
fringe of the pack ice in early spring. If other males arrive at a 
family group, the resident male defends his female and fights the 
challenger. These fights can be bloody, but usually end in the 
challenging male being chased away. Adult males apparently defend 
territories of up to 50 m in radius; males approaching closer than that 
distance are aggressively challenged (Siniff et al., 1979). 

Upon pup weaning, family groups become "male-female pairs" as the 
male becomes dominant over the female (Siniff et al., 1979). During this 
time, males stay in physical contact almost constantly with females. 
Although males on ice floes have been observed attempting to mount 
females in a typical pinniped copulatory posture, actual copulation has 
not been seen. After a period presumed to be approximately 2 weeks, the 
male leaves the female, and the male-female pair bond dissolves. If 
dissolution of this pair bond occurs early enough in a season, a male may 
seek another mate and may be able to defend and inseminate a second 
female. Towards the end of October, single females are often seen in the 
pack ice. These seals are presumed to be post-parturient females that 
have been inseminated while in a male-female pair, and are now alone. 

Aggregations of crabeater seals composed primarily of non-breeding 
individuals have been observed during spring by several authors (laws and 
Taylor, 1957; Siniff et al., 1977a, 1979). At Admiralty Bay, King George 
Island, Siniff et al. (1979) found the majority of seals present in 
aggregations to be less than three years old. 

Leopard seals 

Leopard seals are mostly solitary inhabitants of the pack ice zone 
(Laws, 1964; Marlow, 1967; 0ritsland, 1970; Siniff et al., 1970; 
Erickson et al., 1971). They are not known to form aggregations except 
for occasional small groups on ice floes (Hofman et al., 1977) . . Along 
the Antarctic Peninsula, females haul out alone in .November and December, 
deliver their pups, and remain with them until weaning. The breeding 
behavior of males and females in the wild is unknown; copulation is 
presumed to occur underwater after pups have been weaned (Harrison et 
al., 1952; Harrison, 1969; Siniff et al., 1980). Copulation was observed 
to occur underwater between captive seals at the Sydney Zoo (Marlow, 
1967). Observations of males in the vicinity of females with pups 
indicate that males apparently are not interested in females at that 
time; presumably courtship and mating takes place after weaning 
(Tikhomirov, 1975; DeMaster et al., 1980; Siniff, 1982). 

Ross seals 

The social organization ::if Ross seals is the poorest known of the 
Antarctic seals. As with leopard seals, solitary pregnant female Ross 
seals haulout onto ice floes and give birth. The only reported sightings 
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during this time are in the area of the South Orkney Islands (Yalette, 
1960), South Sandwich Islands (Solyanik, 1964), the Antarctic Peninsula 
(Thomas et al., 1980) and the Balleny Islands (Tikhomirov, . 1975). 
0ritsland (1970) found fetuses in 7 of the Ross seals he collected west 
of the South Orkney Islands in September and October. There is no 
information on the breeding behavior of the species. Males have not been 
observed attending females and pups. Presumably pairing and copulation 
take place underwater after weaning of the pup. 

Weddell seals 

Weddell seal social organization and reproductive behavior is quite 
different than the pack ice species and has been described by Mansfield 
(1958), Stirling (1969a, 1971a), Smith and Burton (1970), Kauffman et al. 
(1975), Siniff et al. ( 1977b), and Croxall and Hiby (1983). In the 
austral spring, pregnant females haul out together at near-shore tide 
cracks in the fast ice. Females give birth to their pups in these 
colonies and suckle pups until weaning at approximately 6 weeks of age. 
During this time individual males patrol underwater territories adjacent 
to each other along the length of tide cracks, defending an opportunity 
to eventually copulate with receptive females entering their territories 
(Siniff et al., 1977b). Unlike the pack ice seals, lactating Weddell 
seals leave their pups periodically to feed. At approximately 2 - 3 
weeks of age, pups join the mothers in the water (Stirling, 1969a). 

Three types of male$ are present in the vicinity of the pupping 
colonies during this time: transient males (mostly subadults) which stay 
in the area for a few days and then depart; basking males (adult but not 
yet dominant) which remain on the ice at some distance from the tide 
cracks ( these include non-breeding males and wounded males recovering 
from underwater battles); and territorial males ( fully dominant) which 
spend almost all of their time underwater defending territories (Siniff 
et al., 1977b). Just prior to pup weaning, females ovulate and copulate 
underwater with males (Kauffman et al., 1975). 

Fur seals 

Fur seals are polygynous. At South Georgia, mature males come ashore 
in late October to establish and defend territories. Females begin 
arriving ashore approximately 3 weeks later; they deliver their pups l -
2 days after they haul out (Mccann, 1980b). Pupping is highly 
synchronous, with 90% born in a 3-week period (Payne, 1977). Of these, 
50% are born by approximately 7 December (Payne, 1978). Females remain 
ashore for 5 - 8 days postpartum, copulate, and depart to sea for their 
first feeding trip during lactation (Doidge et al;, 1983). 

The lactation period continues for up to 115 days, during which time 
females make frequent trips to sea to feed. Trips last from 3 - 6 days 
with suckling periods ashore from l - 5 days (Bonner, 1968; Doidge et 
al., 1983; Doidge and Croxall, 1984; Bengtson et al., in prep.). 
Following copulation, males begin to abandon their territories and return 
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Fig, 25, Trends in crabeater seal age at maturity as estimated from 
ovarian corpora counts. Mean age+ 1 standard error are shown. (Data 
from Bengtson and Laws, 1984). -
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to sea until hauling out later in the s~ason to molt. By early April, 
pups have been weaned and departed to sea. 

Elephant seals 

Elephant seals also form harems, but of a different sort than those 
of fur seals. Pupping and breeding usually occurs on land, but can also 
take place on fast ice. At South Georgia, bulls arrive ashore in 
September and are quickly followed by females which form groups. Females 
give birth approximately 8 days after hauling out and remain with their 
pups until weaning at approximately 3 weeks. Males defend their groups 
from other males with visual threats and occasional fights (Laws, 1956a, 
1960a). Mccann (1981b) stated that the majority of successful matings on 
a beach are performed by a minority of males. Copulation occurs during a 
4-day receptive period in females occurring approximately 19 days 
postpartum (Laws, 1956, 1960a; 1-'cCann, 1980a). 

Reproductive Biology 

Crabeater seals 

Bengtson and Siniff (1981) described reproduction in female crabeater 
seals from along the Antarctic Peninsula. They calculated an average age 
at sexual maturity of 3.8 years. Only females 5 years and older at age 
of insemination successfully carried fetuses full-term. As with the 
other Antarctic seals, females are capable of having one pup per year, 
although twinning does occur rarely (0ritsland, 1970; Bengtson and 
Siniff, 1981). Pups are weaned at approximately 3 - 4 weeks (Siniff et 
al., 1979). Younger seals ovulate later in the season than older seals, 
and no females ovulate prior to weaning their pups. Ovulation is 
presumed to occur primarily during the female's presence in a male-female 
pair. Implanted blastocysts are present in Jaruary (along the Antarctic 
Peninsula), indicating a delayed implantation of approximately 2 months 
(Bengtson, unpublished data). 

The age at sexual maturity has been estimated at between 2 and 6 
years of age (Laws, 1958; 0ritsland, 1970; Tikhomirov, 1975; Bengtson 
and Siniff, 1981; Bengtson and Laws, 1984). It appears that within this 
range, age at maturity may vary according to density-dependent factors 
(Bengtson and Laws, 1984). These authors suggested that the age at 
maturity in crabeater seals along the Antarctic Peninsula had been 
increasing since 1962 in response to a decreasing availability of krill 
(Fig. 25). 

Leopard seals 

Reproduction in the leopard seal was investigated by Siniff and Stone 
(1984). Age at maturity has been estimated at 3 - 7 years in females and 
2 ~ 6 years in males (Laws, 1957; 0ritsland, 1970; Tikhomirov, 1975). 
Parturition occurs in October through December (Erickson and Hofman, 
1974; DeMaster et al., 1980), followed by fertilization and a 2-month 
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Fig. 26. The reproductive cycle of the leopard seal showing size of the 
corpus luteum and largest corpus albicans for individual specimens. Large 
dots• corpus luteum (fetus absent); small dots• corpus albicans; circles 
• corpus luteum (fetus present). Solid line traces increase in size of 
corpus luteum (following increase in size of follicle) and broken line 
traces decrease in size of corpus albicans. (From Siniff and Stone, 1984). 
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delayed implantation (Sinha and Erickson, 1972; Siniff and Stone, i984) 
(Fig. ~6). 

Ross seals 

0ritsland (1970) estimated the age at maturity for females and males 
as 3 - 4 and 2 - 7 years, respectively. Tikhomirov (1975) estimated a 
range of 3 - 5 years for age at maturity in both females and males. 
Information on the timing of parturition in Ross seals is limited, but 
appears to be from mid-November to early December (0ritsland, 1970; 
Tikhomirov, 1975; Thomas et al., 1980). 

Weddell seals 

Age at maturity in Weddell seals has been estimated at between 3 - 6 
years for . females ·(Mansfield, .1958; Stirling, 1971a; DeMaster, 1979; 
Siniff, 1982; Croxall and Hiby, 1983). Males apparently become 
physiologically mature at a similar age, but do not become socially 
mature until 7 or 8 years of age (DeMaster, 1979). Timing of parturition 
varies depending on latitude. At Signy Island, mid-August is the average 
parturition date (Smith and Burton, 1970). In the southern Ross Sea, 
most pupping occurs in late October (Lindsey, 1937; Stirling, 1969a). 

Fur seals 

Payne (1977) indicated that most females at South Georgia pup for the 
first time at 3 years of age. Although it is not certain at what age 
males become sexually mature ~hysiologically, they do not become socially 
mature until approximately 8 years of age (Laws, 1984). At South 
Georgia, females pup in early December (Bonner, 1968), ovulate and 
copulate 5 - 8 days postpartum (Bengtson · and Schneider, 1983), and have a 
delayed implantation of at least 3.5 months (Bengtson, unpublished data). 

Elephant seals 

Female elephant seals pup for the first time at ages 3 - 5 years at 
South Georgia and 4 - 7 years at Macquarie and Heard Islands (Carrick and 
Ingham, 1962; 1-'cCann, in press). Males apparently become mature at 4 
years, but do not become socially active until 6 years old (Laws, 1956). 
At South Georgia, the peak pupping period for elephant seals is in mid to 
late October (McCann, 1981a, 1981b). Copulation occurs approximately 19 
days after parturition followed by a period of delayed implantation of 
about 4 months (Laws, 1956, 1960). 

Food Habits 

Understanding the feeding ecology of Antarctic pinnipeds is essential 
for delineating the role of this important group upon the marine 
ecosystem. The reviews by 0ritsland (1977) and Laws (1977b) provided a 
synthesis of available food habits data. Table 33 updates their 
calculations with rec.ent estimates of stock sizes and prey selection. 



Table 33. Rough estimates of food consumption of Antarctic seals. Feeding rate estimated at 7% of 
body weight for all seals except elephant seals, which were assumed to consume 6% of body weight 
daily. Elephant seals were assumed to feed 290 days/year, all others 335 days/year. Modified from 
0ritsland (1977) and Laws (1977b) with data from SCAR/SCOR (1983c) and Siniff and Stone (1984). The 
units mt indicate metric tons. 

Species 

Crabeater 

Leopard 

Ross 

Weddell 

Elephant 

Ant. fur 

All 

Stock 
size 

(x 103) 

Mean Antartctic 
wt biomass 

(mt) ( x 103 mt) 

300008 .193 5790.0 

4008 .272 108.8 

220b .173 38.l 

nob .246 179.6 

741a .500 370.5 

11088 .050 55.4 

33199 6542.4 

Individual 
consumption 
Kg/ Mt/ 
day year 

14 4.53 

19 6.38 

12 4.05 

17 5.77 

30 8. 70 

3 1.17 

a: Stock estimates from SCAR/SCOR (1983c) 

Average food item frequencies (percentages in 
parentheses)C and annual consumption of stocks 

(millions of metric tons) 
Euph- Cepha- Other 
aus- lopods invert- Fish Birds Seals Total 
iids ebrates 

127.74 
(94) 

1.15 
(45) 

2.72 
(2) 

.13 
(5) 

.08 .57 
(9) (64) 

1.36 
(1) 

4.08 
(3) 

.13 .25 .89 
(5) (10) (35) 

.04 .20 
(5) (22) 

.04 .46 1.48 
(l) ( 11) ( 35) 

2.23 
(53) 

.44 
(34) 

4.84 
(75) 

.43 
(33) 

1.61 
(25) 

.43 
(33) 

135.90 

2.55 

.89 

4.21 

6.45 

1.30 

129.45 9.15 2.88 8.68 .25 .89 151.30 

b: Stock estimates from Gilbert and Erickson (1977) 
c: Percentages for leopard seals from Siniff and Stone (1984), for leopard seals; from 

0ritsland (1977) for crabeater, Ross, and Weddell seals; and from Laws (1977b) for elephant 
and Antarctic fur seals. 

N 
+=-
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The recent review by Laws (1984) describes the prey taken by different 
Antarctic pinnipeds (Table 34). 

Crabeater seals 

The crabeater seal diet consists primarily of krill (Laws, 1977a; 
0ritsland, 1977). The species' adaptation for specialist feeding on 
Antarctic krill can be seen in its finely-divided dentition which forms a 
sieve when the jaws are closed. 0ritsland (1977) reported 94% of the 
diet to be krill, 3% fish, 2% cephalopods, and 1% miscellaneous 
invertebrates. Bengtson (1982) found that of 68 stomachs containing food 
items, all but one included some krill. Two of these had fish remains 
present and one had a small unidentified clam mixed with sand in the 
stomach. 

Leopard seals 

Leopard seals take a variety of prey including krill, squid, fish, 
penguins, and seals. Although the leopard seal has been widely reported 
as an important penguin predator (Brown, 1957; Penney and Lowry, 1967; 
Muller-Schwarze, 1971; Muller-Schwarze and Muller-Schwarze, 1971, 1975; 
Dawson, 1974), it is clear that it is an important preoator on several 
other species as well (Tikhomirov, 1974; Hofman et al., 1977; 0ritsland, 
1977; Siniff and Bengtson, 1977; Siniff et al., 1979; Siniff, 1981; Stone 
and Meier, 1981; Bengtson, 1982; Siniff and Stone, 1984). Several 
authors have specifically called attention to the inportance of Antarctic 
krill in the diet of leopard seals (Hofman et al., 1977; 0ritsland, 
1977; Bengtson, 1982; Siniff and Stone, 1984). Hamilton (1939) and Laws 
(1964) listed fish and squid as components of the leopard seal diet. 

Siniff and Stone (1984) were able to identify seasonal shifts in the 
prey composition of leopard seals (Fig. 27). Other seals constitute 
important prey items for leopard seals ( Wilson, 1907; Bertram, 1940; 
Laws, 1964; Gilbert and Erickson, 1977), including fur seals (Rankin, 
1951), and Weddell and crabeater seals (Mawson, 1915; Hamilton, 1939; 
Mackintosh, 1967; Erickson and Hofman, 1974; Siniff and Bengtson, 1977; 
Siniff et al., 1979; Bengtson, 1982). Laws (1984) citing data from Stone 
and Siniff (1983) and 0ritsland (1977), calculated the relative 
proportion of the leopard seal diet as: 50% krill, 20% penguins, 14% 
seal, 9%_fish, and 6% cephalopods (Table 35). 

The importance of other seals in the diet of leopard seals, described 
by these authors, supports the observations of Condy ( 1976), Sini ff and 
Bengtson (1977), Sini ff et al. ( 1979), and Siniff (1982) who emphasized 
the high rate of scarring of crabeater seals. These authors found a 
predominance of leopard seal scars on as many as 83% of the crabeater 
seals encountered. From the presence of fresh. wounds on crabeater seals 
it is apparent that leopard seals mostly attack crabeater seals during 
ctabeaters' first year of life (Fig. 28). 
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Table 34, Food items recorded from the stomachs of Antarctic seals. 
(After Laws, 1984). 
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Fig. 27. Frequency of occurrence (%) of food itelDS in the stomachs of 
leopard seals in relation to time of year. Sample sizes and sources of 
data, as follows: Sept. - Oct., n = 38 specimens with food in stomachs, 
from 0ritsland (1977); pooled data . for Oct. - March, n = 39 specimens 
with food, from Tikhomirov (1975) not broken down by month; n s 66 
specimens with food. (From Siniff and Stone, 1984) . 
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Table 35. Percent composition of leopard seal diet. Nunber of stomach 
examined that had some contents are indicated (n). 

Prey type 0ritsland Bengtson Stone and Laws 
(1977) (1982) Siniff (1983) (1984) 

n :: 38 14 68 

Krill 58 43 45 50 

Penguin 16 36 10 20 

Seal 3 21 35 14 

Fish 12 5 9 

Squid 9 5 6 
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Fig. 28. Ellipses of plots of length against girth for crabeater seals. 
Mean lengths S.D. + 1 are shown for age groups 0, 0.5, 1.0, 1.5 years and 
all seals > 1.0 year old (redrawn from Siniff et al., 1979). (From Laws, 
1984). 
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Ross seals 

The diet of Ross seals is poorly known. Cephalopods appear to be an 
important component of the diet, although fish and krill have also been 
found in Ross seal stomachs (Barrett-Hamilton, 1901; Wilson, 1907; Brown, 
1913; Solyanik, 1964) (Table 34). King (1969) suggested that Ross seals 
may take larger squid (up to 7 kg in size) than do other seals. 
Supporting this idea are adaptations which apparently allow Ross seals to 
swallow large prey (Pierard and Bisaillon, 1979). Nevertheless, most of 
the squid found in Ross seal stomachs by 0ritsland (1977) were small. 

Weddell seals 

Analysis of the stomach contents of Weddell seals indicates that a 
variety of prey are taken, including fish (Dearborn, 1965; Calhaem and 
Christoffel, 1969), squid (Clarke and Macleod, 1982b), and crustacea 
including Antarctic krill (Lindsey, 1937; Bertram, 1940). Of 8 stomachs 
from Weddell seals taken at Deception Island, the majority contained fish 
as well as teleosts, elasmobranchs, crustacea, isopods, amphipods, and 
Antarctic krill (Clarke and Macleod, 1982b). All the stomachs contained 
stones, as is common in leopard and crabeater seals (Bengtson, 1982). 
Clarke and Macleod (1982b) suggested that a seasonal shift in prey 
composition occurs from squid in March to octopods by July. Lipinski and 
Woyciechowski (1981) reported cephalopods in the stomachs of Weddell 
seals from King George Island, South Shetland Islands. These data, 
although not conclusive, support the suggestion by Kooyman (1981c) that 
Weddell seals along the Antarctic Peninsula may feed more heavily on 
cephalopods than Weddell seals in t-t:Murdo Sound, for which fish such as 
Dissostichus mawsoni are important prey. 

Fur seals 

The lack of information on fur seal behavior during its pelagic phase 
confounds the determination of its principal prey items. However, it is 
clear that during the breeding season, Antarctic krill is a staple food 
of lactating females (Doidge and Croxall, 1984; Croxall and Pilcher, in 
prep. ) . Fish and squid are taken by juvenile and non-breeding adults 
(Bonner, 1968; North et al., 1983). Bonner (1968) noted that the 
specialization of the post-canine teeth suggests that squid may be an 
important element in the fur seal diet. Bonner ( 1981) also reported 
squid beaks, fish, and penguin remains in fur seal stomachs. Bonner and 
Hunter (1982) described the kill of a macaroni penguin at South Georgia 
and noted that fur seals occasionally took penguins. Laws (1977b) 
concluded on the basis of available information that krill, cephalopods, 
and fish each composed approximately one-third of the fur seal diet. 

Elephant seals 

As with fur seals, there is essentially no information on the pelagic 
food habits of elephant seals. Most food habits studies have been 
conducted during the molt period when elephant seals are mostly ashore 
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fasti,:ig (Laws, 1977a). It seems likely, however, that cephalopods 
comprise an important, if not major, part of the elephant seal diet. 
Laws (19.56) noted that _young elephant seals may feed on amphipods for a 
short time · after weaning and that fish such as Notothenia are 
occasionally taken. Of the 139 stomachs he examined that contained food, 
83% had cephalopods and 26% had fish . remains · present. Murphy (1914) and 
Matthews (1929) found a predominance of cephalopod beaks and some fish 
remains in elephant seal stomachs. ·Clarke and Macleod (1982a) examinea 
11 stomachs of elephant seals taken between November and May at Signy 
Island. Cephalopod beaks were the only identifiable food item in those 
stomachs. It is unknown how long such beaks persist in elephant seal 
stomachs, so it is difficult to estimate -the relative importance of these 
remains in the seals' annual diet. The conclusion by Laws (1977b) and 
McCann ( 1983), that cephalopods constitute approxiinatey 75% and fish 25% 
of the elephant seal diet, seems to be the best estimate that can be made 
with the data currently available. 

Feeding behavior 

The depth of feeding dives and timing of feeding activity differ 
among the 6 Antarctic seal species. Ross, Weddell, and elephant seals 
are thought to feed at great depths, up to several hundred meters, with 
diurnal patterns that may vary seasonally (Laws, 1984). Crabeater, 
leopard, and fur seals utilize upper portions of the water column, 
probably about 60 - 80 min depth. On the basis of crabeater seal haul 
_out patterns (Erickson et al., 1971; Candy, 1977b; Gilbert and Erickson, 
1977), Laws (1984) suggested that crabeater seals feed primarily at night 
when krill are closest to the surface (Fig. 29). · He also suggested that 
leopard seals may follow this pattern. Using data on leopard seal diving 
behavior from Hofman et al. (1977), Laws (1984) estimated average depths 
of diving at about 56 - 81 m for leopard seals and crabeater seals, 
respectively, during a time when both were presumed to be feeding on 
krill. 

The diving behavior of fur seals has been investigated by Kooyman and 
Davis (1980) and Kooyman et al. (in press) who used time/depth recorders 
to monitor feeding dives. They found that most diving activity was at 
night when krill were closest to the surface and most accessible. Most 
dives were between 20 - 50 meters in depth, with a maximum depth of 100 m 
(Fig. 29). 

The diurnal haul out pattern for Weddell seals has been studied by 
several authors (Stirling, 1969c; Erickson et al., 1971; Kauffman et al., 
197 5; Gilbert and Erickson, 1977; Thomas and DeMas ter, 1983). These 
authors found that most aquatic activity takes place during the night, 
although there is a seasonal shift related to photoperiod and breeding 
season. During . feeding sessions, Weddell seals are known to dive to 
great depths (Kooyman, 1981c). At t-t:Murdo Sound, dives of 2 - 400 m were 
frequent and one dive was measured to 60J m. Weddell seals may be 
capable of diving even deeper (the 600 m dive was essentially to the sea 
floor). The depths to which Weddell seals dove were the same depth at 
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Fig. 29, Diagrammatic representation of typical fur seal diving patterns 
over four days in January, data kindly provided by Kooyman; compared with 
diurnal variation in mean depth of krill in Scotia Sea in summer (from 
Chapter 10, Fig. 1), and diurnal variation in crabeater seal numbers 
hauled-out on pack ice on 21, 23, 25 January at about 69°s 4°E (data 
from Condy, 1977). (Lower plots are repeated over four days for 
comparison with diving pattern). (From Laws, 1984). 

Time of day 

0 12 0 12 0 12 0 12 0 

0 
.,.-

50 ' / 
/ 

Fur seal dives ---
,, 

100 

150 

10 
20 

40 

60 .. 
80 •• • • •• •• • • • . .... ••••• 100 

/ 120 Crabeater numbers 

140 
0 12 0 12 0 12 0 12 0 

Time of day 

30 
; 
0 

"t:I 
20 ~ 

:::, 

10 
., 
L 
CII 

0 iii 
G> 

1/) 



- 133 -

which Dissostichus mawsoni were commonly caught. The presence of fish in 
97% of the stomachs examined containing food in McMurdo Sound (Dearborn, 
1965) supports the idea that seals were diving to these depths to catch 
fish. 

Ross seals are also thought to be deep divers, although information 
is very limited. Their oversized eyes, as well as the presence of large 
squid in their stomachs (King, 1969) suggests that Ross seals may be 
adapted for feeding at great depths. These seals appear to have a 
mid-day haul out peak, indicating a nocturnal feeding habit (Condy, 
1977b; Gilbert and Erickson, 1977). 

The feeding behavior of elephant seals is essentially unknown. Laws 
( 1984) suggested three reasons why elephant seals probably feed deep in 
the water column. First, he felt it likely that Southern elephant seals 
are very similar to northern elephant seals which take prey species found 
at 100 - 300 m. Second, . southern elephant seals take prey similar to 
sperm whales, which feed at great depth. Third, their eyes have a deep 
sea rhodopsin similar to that found in deep-water fishes and which has 
been suggested as an adaption for detecting the bioluminescence of 
deep-water squids (Lythgoe and Dartnall, 1970) . 

Ecological Partitioning 

Each of the 6 Antarctic pinniped species differs from the others in 
its spatial and temporal utilization of resources (Table 36). Of the 4 
ice seals, only 3 are prevalent in the pack ice zone. Moreover, Ross 
seals appear to prefer dense ice farther away from the pack ice edge 
where crabeater and leopard seals are found. These latter 2 species and 
perhaps Ross seals move seasonally with the advancing and retreating ice 
edge. The fourth ice seal, the Weddell seal, primarily utilizes stable 
fast ice areas in higher latitudes. Fur seals and elephant seals breed 
principally on land in lower latitudes. Hence, during their respective 
breeding seasons, the specie5 are segregated among land, pack ice, or 
fast ice areas. 

There are vertical differences in the spatial use as well. Fur 
seals, crabeater - seals, and leopard seals apparently feed at shallower 
·aepths than do Ross seals, elephant seals, and Weddell seals. Finally, 
differences in feeding behavior, ranging from the specialist crabeater 
seal to the generalist leoparo seal, emphasize the diversity within this 
important group of predators and the manner in which resources are 
partitioned within the Antarctic marine ecosystem. 



Table 36. Ecological separation of Antarctic seals, prc,noted by geographical distribution, habitat preferences and food habits. (After Laws, 1984). 

SPECIES DISTRIBUTION fEEDINl.i 

Breeding Non-breed! ~ 

5u1111er Winter Teeth food Depth 

Fur seal Lend; colonial Dispersal north Northward Canines large krill, fish and To 70 "' for 
sub-Antarctic (to S. Amerlca?) dispersal at sea post-canines cephalopods krill, probably 
Islands; maritime and south to pa ck reruced deeper for cepha-
Antarctlc, South Ice edge lopods ..id fl sh 
Shetlands. Rocky 
coasts. Beaches-
boulders or large 
pebbles 

Elephant 
seal Land; colonial Dispersal north to Northward Canines large; Cephalopods To JOO II or mre; 

South Amer lea, Sooth America and sooth pelagic post-canines and fish possibly unlimited 
Falkland Islands, to pack Ice edge dispersal reduced w 
sub-Antarctic ~ 

Islands; maritime 
Antarctic. Beaches-
sand or srre 11 pebbles 

Leopard 
seal SUb-Antarctlc; Pack Ice periphery; Pack Ice Can Ines large Krill, fish, Mainly shallow, 

felkland Islands; sub-Antarctic periphery, and past-can Ines cephelopods, 7 to c. 70 m for krill 
South Amer lc..-i ..-id Cold Temperate sub-Antarct le Jorge; oultl- penguins and 7 deeper for fish a'ld 
coasts. Peck Ice Islands ..-id coasts. ..-id Cold Temp- cusped seals cephalopods 
medium-st zed Southward sh! rt erate islands end 
hum-ocked floes. coasts. Northward 
female and pup sh! rt 

CrcDeater 
seal Pack Ice per lphery Pack ice - cake and Peck Ice Canines smell; Krill Shallow; 7 to c. 70 • 

- medllm-slzed brash lee periphery post-canines 
hUlllllOCked floes. large; oultl-
Tr lads, meted pairs. cusped 
hmatures orten on 
fast lee 

Ross seal Pack Ice - probably Dense pack Ice - Pack Ice Canines very Cephalopods Deep 
as leopard seal large floes sme 11, sharp; 

post-can Ines very 
small 

Weddell 
seal fast Ice or land; Dispersal to pack fast Ice, and C..-i Ines large; fish, cephalopods, To 600 M or rore; 

colon I al ice near coasts or on pack lee nearby incisors pro- benthos possibly unlimited 
fest Ice CLfllbent; post-

canines reruced 
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CHAPTER 8: ANTARCTIC WHALES 

Introduction 

Prior to commercial exploitation during this century, the Antarctic 
whales comprised perhaps one of the largest mammalian stocks ever to have 
existed on earth. Within a few short decades those abundant stocks were 
decimated, endangering the existence of several species, and very likely 
changing the composition and structure of the Antarctic marine ecosystem 
itself. By analyzing southern whaling and its ecological impacts, 
perhaps we will become better equipped to wisely manage future 
utilization of Antarctic marine living resources. 

Species Composition 

Seven species of baleen whales and 8 species of odotocete whales 
occur seasonally south of the Antarctic Convergence (Table 28). 
Ironically, the intensive commercial whaling of southern baleen whales 
was in large measure the. reason that so much information is available 
about this group. The existence of a "dwarf" · form of killer whale 
(0rcinus nanus) in the southern hemisphere has been suggested (Mikhalev 
et al., 198T; Berzin and Vlaoimirov, 1983), but this classification is 
not universally accepted. Evans et al. (1982) described pigmentation 
variations which suggest a distinct population of killer whales 
inhabiting ice edge and ice lead habitats. 

Distribution and Migration 

Baleen whales .are mostly migratory, as evidenced by seasonal trends 
in abundance, direct observation of migration, or tagging studies 
(Mackintosh, 1965; Dawbin, 1966; Lockyer and Brown, 1981). . Marking of 
individuals has documented extensive north-south movements (Brown, 1962a, 
1977a). Whales migrate from their winter breeding grounds in subtropical 
and temperate waters to Antarctic waters for the sunvner where intensive 
feeding takes place for periods of up to ·6.5 months (Dawbin, 1966). Many 
whales remain for a lesser period of about 4 months (IWC, 1979a). 
Juveniles migrate, but timing is slightly different than that of adults 
and penetration into high latitudes is not as great (Mackintosh and 
Wheeler, 1929; Kawamura, 1974; Lockyer, 1981a; Lockyer and Brown, 1981). 
Whereas sperm whales also undertake an annual feeding migration, the 
migratory status of the other southern ·odontocetes is poorly known. 
Estimated swimming speeds for southern cetaceans are presented in Table 
37. 

Blue whales 

Blue whales have a circumpolar distribution. The distance covered 
annually on a round trip migration between 200s and 6505 may be 9,000 
- 11,000 km (Lockyer, 1981a). The arrival of blue whales in the 
Antarctic commences early in November,· before fin, sei, and minke 
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Table 37. Canparative ra-iges of swiflYTling speeds in Cetacea. (Fran Lockyer, 
1981 a) . 

Swimming speeds km/hr 
Species 

of Migration Maximum 
Whale Feeding and when 

cruising alarmed 

Blue 2-5.5 5-33 48 
Fin 2-6.5 5-30 41 
Sei 2-6.5 5-30 
Bryde 2-6.5 5-30 
Hunpback 2-4 5-15 27 
Min<e 2-6 5-26 
Right 2-4 5-11 16 
Gray 2-4 4- 7.5 16 
Sperm 5-12 26 
Killer 14-22 37 
Dolphins 16.5-24 
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whales. Adults arrive first, followed by juveniles about one month 
later, although there are semi-continuous migratory waves of arrivals. 
Pregnant females frequently are the first to arrive and last to leave. 
Lactating cows with calves are usually the latest arrivals (Mackintosh 
and Wheeler, 1929; Lockyer, 1981a). The whales depart in the same order 
of their arrival, excepting pregnant females. The average stay is about 
4 months, so that most blue whales have left the Antarctic by March -
April. Blue whales penetrate as far south as the ice-edge (Kemp and 
Bennett, 1932). Their departure from high latitudes may be hastened by 
the advance of the ice edge as winter approaches, physically excluding 
whales from the area. 

Pygmy blue whales 

Pygmy blue whales are found mainly around Marion Island, Iles Crozet 
and Iles Kerguelen (Ichihara, 1966b). The distribution is mostly 
sub-Antarctic, occurring in a restricted zone between 40°s and 55o5 
and oo SODE (mainly Area III in the southern Indian ocean) 
(Mackintosh, 1965; Ichihara, 1966b). There are winter and early spring 
records in sub-tropical South African and West Australian waters 
(Chittleborough, 1963; Gambell, 1964). However, Zemsky and Boronin 
(1964) suggested that the subspecies remains within the same region 
throughout the year, with only slight north to south movements .. Ichihara 
(1966) noted a possible seasonal migration on the basis of a mark 
recovery at 44°S on 4 April 1963 from a whale marked at 56°s on l 
December 1962. Aguayo (1974) reported pygmy blue whales at 3305 off 
Chile. 

Fin whales 

Gunther (1949) described a uniform circumpolar dispersion of fin 
whales throughout their Antarctic feeding grounds. The main 
concentrations are found where Antarctic krill are abundant (chiefly 
Areas II and III) (Mackintosh, 1965, 1973; Lockyer and Brown, 1981). The 
annual migration of fin whales is thought to be similar to that of blue 
whales (Lockyer and Brown, 1981; Brown and Lockyer, 1984). The sequence 
of arrival in the Antarctic varies by different age/sex classes and 
animals of different reproductive status ( Mackintosh and Wheeler, 1929; 
Lockyer, 1981a). 

Although the first fin whale migrants pentrate the Antarctic from 
October - November onwards, the peak presence of this species probably 
occurs about 2 - 3 weeks later than blue whales (Lockyer, 1981a) ( this 
information is derived from catch data and may be slightly biased by 
preferential selection for blue whales). Most adult fin whales arrive in 
Antarctic waters about 3 weeks before the juveniles and depart by May. 
Rayner (1940) and Brown (1954, .1959, 1960, 1961, l962b,c, l966a,b, 1977a) 
showed that migration occurs between 200S and 650S within a few 
months. Brown (1954) demonstrated that longitudinal dispersion from mark 
to recovery was usually limited to 50 degrees either side of the original 
point of marking. Fin whales do not generally migrate as far south as 
the blue whales (Harmer, 1931; Kemp and Bennet, 1932). 
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Sei whales 

Omura (1973) and Budy lenko (1978a) suggested that several southern 
hemisphere populations of sei whales exist. Whales are segregated by 
age, size, and maturity by latitude (Doi, Ohsumi and Nemoto, 1967; 
Lockyer, 1977b) with mean size increasing with higher latitude. Doi et 
al. (1967) suggested that most sei whales remain north of 5005 
year-round (this species apparently prefers a more sub-Antarctic habitat). 

Group size while on the feeding grounds usually varies between 
solitary animals and 10+ individuals, with usual numbers in the range of 
1 - 4 individuals (Lockyer, 1977b; Joyce, pers. comm.). Swimming speeds 
are 2 - 6.5 km/hr when feeding, and 5 - 30 km/hr when migrating (Lockyer, 
1981a). Brown (1977b) demonstrated from marking data that migration 
occurs between South American, South African, Australian, and Antarctic 
waters. Timing of arrival is later than blue and fin whales, with peak 
arrivals in January, departures in April (Gambell, 1968). 

Minke whales 

Minke whales have a circumpolar distribution and inhabit areas close 
to the ice edge (Ohsumi, 1976). Sightings indicate high densities of 
minke whales in the Atlantic, Indian ana South-west Pacific sectors 
(Arsenev, 1960; Ohsumi et al., 1970). Doroshenko (1979) suggested that 
in low latitudes four populations are evident: "Brazilian", "Indian", 
"New Zealand" and "Chile-Peruvian". Biochemical studies on genetic 
typing have indicated differences between minke whales in Areas IV and V 
but elsewhere differences are insignificant (Wada and Numachi, 1979; IWC, 
1981). 

There is some indication of north-south seasonal migrations in minke 
whales. Ohsumi (1973) recorded a marlin (Makaira sp.) spear from the 
tropics recovered from a minke whale caught at 640S in January. Both 
Best (1974a, 1982) and Williamson (1975) recorded the presence of minke 
whales in low latitudes in winter and spring. Minke whales are present 
off the Brazilian coast in late spring, where they are reportedly hunted 
(Joyce, pers. comm.). Taylor (1957) recorded presumably accidental 
over-wintering by minke whales trapped in open water areas in the 
Antarctic ice pack. 

School composition of minke whales is highly variable. In low 
latitudes, solitary and small groups of 2 - 5 whales have been observed 
(Budylenko and Pervushin, 1972; Williamson, 1975; Best, 1982). Ohsumi et 
al. (1970) found that aggregations seemed to increase with latitude, 
suggesting group feeding. Nevertheless, while single minke whales are 
common, groups of 10 - 25 are not uncommon, and aggregations as large as 
90 have been observed (Joyce, pers. comm.). 
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Hurrpback whales 

Like the blue and fin whales, southern "populations" of humpback 
whales are circumpolar and have been divided irito six groups: 1) east 
coast of South America, 2) west coast of South America, 3) east coast 
of Africa, 4) west coast of Africa, 5) east coast of Australia and 
islands of the southwest Pacific Ocean, and 6) west coast of 
Australia. In summer, these groups migrate into five areas in the 
Antarctic: the southeast Pacific Ocean, . south Atlantic Ocean, south of 
South Africa, southeast Indian Ocean, and south of New Zealand (Dawbin, 
1966). 

Long distance annual migration of humpback whales, which are often 
found closer to coasts than other species, occurs between the winter 
breeding grounds in the tropics and the sU11mer feeding grounds in the 
Antarctic. Humpback whales are slightly slower than other rorquals, 
swimming at 2 - 4 km/hr when feeding and 5 -15 km/hr when migrating 
(Dawbin, 1966; Lockyer, 1981a). The southward spring migration is a 
procession led by newly pregnant ·females, followed by mature males, 
lactating females, and calves. While feeding in the Antarctic, the 
whales are dispersed . . The northward migration generally follows the 
reverse of the arrival sequence, (i.e. , lactating cows and calves lead, 

.with the pregnant females last to depart). This latter group may stay 
south of 60°S from late November to May (6.5 months); most whales stay 
5.5 months, and some for far less (Dawbin, 1966). · 

Right whales 

Kawamura (1978) described distributions of whaling grounds for right 
whales in the southern hemisphere, based on Townsend's (1935) data. The 
distribution is virtually circumpolar, with he.avy exploitation often near 
land masses. Most of these whaling operations were between 3005 and 
5005, north of the Antarctic Convergence. While right whales have been 
taken off South Georgia, the South Shetland Islands, and Graham Land 
(Hi~ton, 1925), it is probably correct to assume that today most animals 
remain outside the . Antarctic. No direct evidence is available for 
separate stocks of right whales but distribution in winter suggests 
possible stocks on each side of the .Sou_th Atlantic, Indian, and South 
Pacific Oceans. Breeding populations are currently being investigated 
off Patagonia (Mermoz, 1980) and South Africa (Best, 1981). 

Maury (1852) analyzed · monthly abundance of right whales by latitude 
between oo and 500E from 200s - 500s. The peak abundance for 
different latitudes was: (400S - 500S) December to May; (2005 -
300S) May to July; and (300 - 3505) July to December. These data 
suggest a possible migration. Best (1981) confirmed that off Hermanus, 
South Africa, (34030•5), peak abundance o_ccurred from August to 
November. However, Cawthorn ( 1978) reported slightly different behavior 
in the southwest Pacific. Right whal.es apparently. bred in winter off 
Campbell Island ( 52030 'S, - 169010' E) and migrated north in spring and 
summer returning south in autumn. 
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Sperm whales 

Sperm whales occur world-wide, but only the older males penetrate far 
south into the Antarctic (Best, 1974b; Lockyer and Brown, 1981). Females 
and juveniles reside permanently in waters north of 4505 (Best, 
1974a). Neither the activities nor duration of the stay by males in the 
Antarctic are well documented. Movements of bulls from the Antarctic 
into temperate water is evidenced by skin fouling by the Antarctic diatom 
Cocconeis ceticola (Best, 1969a). Additional evidence of migration comes 
from the presence of Antarctic squid beaks in of stomachs of sperm whales 
taken off South Africa (Clarke, 1972). A slight southerly migration in 
summer and northerly migration in winter of sperm whales is evident from 
the seasonal distributions of catches (Townsend, 1935). However, some 
adult male sperm whales may remain in tropical and equatorial regions 
year-round. 

Other odontocetes 

Brownell (1974), Brown et al. (1974), and Nishiwaki (1977) reviewed 
the distribution of toothed Cetacea other than sperm whales in the 
Antarctic. The distribution of Hyperoodon and Berardius appears to be 
circumpolar, occurring right up to the ice edge 1n summer. However, due 
to their similar appearances at a distance, iaentification is easily 
confused (Gianuca and Castello, 1976). Some individuals remain south 
during winter evidenced by sighting of specimens in pools in sea ice 
(Taylor, 1957) and observations at Halley Bay (75DS) (Laws, pers. comm. 
in Brown ana Lockyer, 1984). McCann (1975) suggested north-south 
migrations in the southern hemisphere by Berardius arnuxii, but this has 
not been confirmed. If Antarctic populations are similar to their Arctic 
counterparts, sexual segregation may occur (Mitchell, 1975; Benjaminsen 
and Christensen, 1979; Ohsumi, 1983). Bottlenose whales generally occur 
in groups of 2 - 20 animals, although larger schools are observed. 
Sometimes only males (in the Arctic) aggregate in schools (Tomilin, 1967). 

Killer whales are abundant in Antarctic waters where their 
distribution is frequently circumpolar (IWC, 1982) and seasonally related 
to potential prey (Voisin, 1972, 1976; Candy et al., 1978). Their 
frequent sightings may be due in part to their distinctive body shape and 
coloration, which preclude confusion with other species. Dense seasonal 
concentrations are found in coastal Antarctic waters and off South 
Georgia. Mikhalev et al. (1981) and IWC (1982) reported a possible 
seasonal migration from low latitudes in spring to high latitudes in 
summer. 

Davies (1960), Brownell ( 1974), and Nishiwaki (1977) indicated that 
Globice~hala has a general distribution throughout the Southern Ocean but 
1s rare y seen. Nothing is known of social groupings of Globic~ hala in 
the Antarctic. Sergeant (1962) reported pelagic schools of - 100 
individuals off Newfoundland, and schools of 200 or more in strandings. 
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Goodall (1978) reported the distribution of Corrvnerson's dolphin 
around Tierra del Fuego and to the south from strandings and incidental 
kills. In the Antarctic, it has been recorded from S. Georgia and Iles 
Kerguelen and these may be separate populations. Pelagic sightings have 
been recorded from the Drake Pasage (Aguayo, 1975). Phocoena dioptrica 
is chiefly sub-Antarctic in distribution (Baker, 1977 ) , but has .been 
recorded as far south as South Georgia (Brownell, 1974). Lagenorhynchus 
cruciger has a circumpolar distribution in temperate and Antarctic waters. 

Abundance 

Estimates of the past and current population sizes of Antarctic 
whales are presented in Table 38. Although these figures represent the 
best estimates possible at the present time, they are by no means 
definitive. Many of the calculated figures remain the subject of 
discussion, further evaluation, and revision. Whereas baleen whales once 
had a total biomass of approximately 47 million metric tons in the 
1920 's, they now · constitute only about 10 million metric tons of 
biomass. This dramatic reduction in whale stocks was the result of heavy 
exploitation bet ween the 1920s and 1960s. Blue, humpback, fin, and sei 
whales were sequentially depleted and are now protected from commercial 
exploitation in the southern hemisphere (IWC, 1983). Only the minke 
whale is still taken commercially, but this harvest and qther commercial 
whaling may cease for at least five years at the end of 1985 (IWC, 
1983)(Norway, Japan, and the Soviet Union have registered objections to 
the moratorium). Southern right . whales were also depleted to extremely 
low levels due to whaling in the 19th century (Townsend, 1935). 
Estimates of selected population abundance by statistical area are given 
in Table 39. 

Population estimates for sperm and killer whales are given in Tables 
38 and 39. The abundance of most other Antarctic odontocete species is 
largely unknown. For example, Phocoena dioptrica is known to occur south 
of the Antarctic Convergence only from a few sightings or old records 
(Brown and Lockyer, 1984). In contrast, Lagenorhynchus cruciger and 
Ziphiids are sighted regularly on IWC/IOCR whale assessment cruises 
(Horwood, 1981; Best and Butterworth, 1982). 

Reproduction 

General patterns 

Although a 2-year reproductive cycle is common for most baleen 
whales, the actual pregnancy rate varies from approximately 0.3 to 0.5 
(Mizroch and York, 1982). Conception and birth occur on . the winter 
grounds, gestation being about one year (Laws, 1959; Lockyer, in press). 
Minke whales can reproduce annually, but their pregnancy rate is about 
0.8. Right whales may breed only once every 3 years (Lockyer, in 
press). In general, weaning of the calf occurs during the first 
southerly migration postpartun, while on the Antarctic feeding grounds. 
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Table 38. Estimates of past (prior to exploitation) and current southern 
hemisphere whale populations. 

Species Past Current Reference 
(lOOOs) (1000s) 

Blue 150-210 8 a Gambell (1976) 
4.5 Masaki, Yamamura (1978) 

Pygmy Blue 10 5 a Gambell (1976) 
7.4 Masaki, Yamamura (1978) 

Fin 85.2 Chapman, Breiwick (1979) 
400 a 80.5 a Chapman (1976) 

78.2-80.5 Table 39 

Sei 63.9-113 a 11.4-20 a IWC (1980) 
192.3 a 94.5 a Chapman (1977) 

Humpback 90-100 Chapman (1974) 
3 Gambell (1976) 

3.5 Masaki, Yamamura (1978) 

Right 100-194 Yawamura (1978) 
3-4 Gambell (1976) 

Minke ? 305.2 a Gambell (1976) 
258.3 Table 39 

Sperm b 170 a 71 a IWC (1983) 

Killer ? 145-225 IWC (1982) 
247 Table 39 

a: Exploitable population (excludes pre-recruited juveniles) 
b: Males only 
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Table 39. Recent population estimates for southern hemisphere stocks of 
recruited stocks of sei-, fin, and minke whales and total stocks of killer 
whales by statistical area. 

Area Sei a Fin b Minke d Killer e 

I 1,600 7,000 25,617 26,500 
II 600(9,200) 17,500 22,873 12,367 
III 1,150 34,700 50,016 38,278 
IV 5,700 7,400 53,303 16,399 
V 2,000 2,700 66,666 136,500 
VI 400 ll,200(8,900c) 39,846 17,192 

TOTALS 11,450 80,500 258,321 247,236 
(20,050) (78,200) 

a: 1979 estimate from IWC (1980) 
b: post-1970 estimates from Chapman (1976) 
c: IWC (1981) 
d: 1978-84 estimates from IWC (in press) 
e: 1978-82 estimates for Areas I, VI from IWC (1982); Areas II-V from 

Harm1ond (1984) 
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Sexual maturation occurs at about the same age in botn sexes, usually 
between ages of 5 and 14 years, dependent on population and species and 
year of observation. At sexual maturity, approximately 90% of the 
ultimate body length has been attained (Lockyer, 1984). 

Blue whales 

Females conceive in June - July in low latitudes and give birth 11 
months later to a single calf (Mackintosh and Wheeler, 1929). Pregnant 
females thus benefit from summer feeding in high latitudes to nourish the 
fetus. A 2-year breeding cycle is common, allowing for an 11-month 
gestation (Laws, 1959), 7-month nursing, and 6-month resting or anestrous 
state. A portion of the females do not breed at the end of the second 
year; the pregnancy rate is generally less than 0. 5. Ichihara (1966b) 
presented some evidence suggesting bimodal breeding seasons: one peak of 
conception in February - April, and another in November - January. 
Ichihara (1966b) reported a 0.27 - 0.36 proportion pregnant in the mature 
female catch (excluding lactating females), which may indicate a 
reproductive cycle of up to 3 years or more. Males exhibit a slight 
seasonal increase in testicular activity in the males (Mackintosh and 
Wheeler, 1929) is a further reflection of this aspect. 

Fin whales 

The breeding cycle of fin whales is similar to that of blue whales. 
Calves are suckled for about 7 months in warm, low latitude waters 
(Mackintosh and Wheeler, 1929; Ruud, 1937) before being weaned mainly 
during the summer months in Antarctic waters (Mackintosh, 1965). Both 
Mackintosh and Wheeler (1929) and Laws ( 1961) reported seasonal 
spermatogenic activity in fin whales during winter with a protracted 
period from April to August, peaking in May/ June, close to the time of 
breeding. 

Sei whales 

Conception occurs in July on winter breeding grounds (Gambell, 
1968). Gestation lasts about 11 - 11.5 months (Gambell, 1968; Lockyer, 
1977a), with calving occurring in about June. Lactation lasts 6 months 
(Gambell, 1968). No seasonal male reproductive cycle has been observed; 
it is assumed that female estrus provides the seasonal control of 
conception (Gambell, 1968). The availability of food may influence the 
duration of the reproductive cycle, usually 2 years, by increasing the 
resting phase in years of low food abundance (Gambell, 1968). 

Minke whales 

Conception occurs between August and September in low latitudes 
(Best, 1982). Gestation lasts about 10 months culminating in birth 
between May and June (Ivashin and Mikhalev, 1978; Best, 1982). Calves 
are weaned at about 4 months (Best, 1982) . The calving interval was 
thought to be about 14 months, but many lactating females have been found 
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to be ovulating (!WC, 1979b; Best, 1982). Hence, a new pregnancy may be 
occurring before the calf is weaned. Masaki (1979) believed the 
reproductive cycle lasted about one year, with an annual calving in most 
seasons. Because minke whales have a shorter calving interval than 
species such as fin whales (annual versus biannual calving), their 
populations may be able to respond to changes in the environment quicker 
than other whales. 

Humpback whales 

The reproductive cycle of humpback whales bears many similarities to 
that of the blue and fin whale, but also differs in some aspects such. as 
length of lactation. Chittleborough (1965) estimated lactation to last 
nearly 11 months, the longest of any baleen whale. The cycle takes 
basically 2 years, but may frequently be annual or triennial (Lockyer, in 
press). Concept ion occurs in q,e winter months of July and August, and 
birth occurs in July or August after a 11. 5 month gestation 
(Chittleborough, 1965). A similar pattern of seasonal timing, duration 
of pregnancy and lactation was found for North Pacific humpback whales 
(Nishiwaki, 1959). Males show seasonal changes in spermatogenesis · and 
testis weight (Omura, 1953; Symons and Weston, 1958; Nishiwaki, 1959; 
Chittleborough, 1965). 

Age-specific reproductive rates bf baleen whales 

Age-specific reproductive rates . are an important source of 
information for analyses of population dynamics and require reliable 
methods for determining age. Age determination by means of ear plugs has 
been a widely used technique (P~rves, 1955; Laws and Purves, 1956; 
Nishiwaki, 1957; Nishiwaki et al., 1958; Ohsumi, 1964; Ichihara, 1966a; 
Roe, 1967; Lockyer, 1972, 1974; Chittleborough, 1959, 1960, 1965). 
However, there are some unresolved problems concerning whether the growth 
layer deposition rate is 1 or 2 per year. Tnere is also uncertainty as 
to how deposition rates change as individuals grow older. Physical 
maturity occurs at an age of about 25 - 30 years in most baleen whales 
(Lockyer, l98la). Life spans of some species may extend to 90 years 
(Lockyer, pers. comm.), but few whales have attained such ages due to 
whaling pressure. 

Various methods have · been used to estimate age at maturity, all 
dependent on catch data with its inherent size and age distribution 
biases. In general, age at maturity is determined from (a) mean age of 
whales just mature, (b) age at which 50% of the catch is mature, and (c) 
the transition phase of earplugs (Lockyer, 1972, 1977a, 1979). This 
latter method gives a historical perspe~tive and allows attempts to 
assess trends. None of the 3 methods is directly comparable, and all are 
subject to different biases, some of which cannot be identified. A 
recent workshop on the problems of determining the age at maturity in 
minke whales from ear plugs highlighted potential sources of error in 
estimates (!WC, in press). The age at attaiment of sexual maturity has 
been estimated as approximately 5 years for blue whales (Lockyer, 1981a), 
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5 - 6 years for pygmy blue whales (lchihara, 1966b), 6 - 12 years for fin 
whales (Lockyer, in press), 8 - 11 years in sei whales (Lockyer, 1974), 
and approximately 7 - 14 years in minke whales (Kato, 1983) depending 
upon area and season. 

Pregnancy rates ( the proportion of mature females in the catch that 
are pregnant, excluding lactating females) may have fluctuated in 
relation to exploitation. Laws (1961), Mackintosh (1942), and Gambell 
(1973) reported an increase in the proportion of pregnant females in the 
fin whale and blue whale catches between about 1930 and 1970 from about 
0.30 to about 0.60. These estimates however, were not analyzed according 
to area, latitude, month, or national data compatability. Mizroch 
(198la,b) and Mizroch and York (1982) analyzed .the data used by Gambell 
(1973) and could find no evidence of a clear trend; however, considerable 
seasonal variation existed for which no explanation was available. 
Lockyer (pers. comm.) has recently investigated an apparent positive 
correlation between variation in seasonal body fat condition, food 
supply, and fecundity in fin whales off western Iceland. These studies 
have some bearing on analysis techniques for southern stocks. 

Sperm whales 

The sperm whale is polygynous (Best, 1979), breeding from August to 
March, with a mid-summer peak in temperate waters (Best, 1968; Gambell, 
1972). Births occur in February or later, gestation being about 15 - 16 
months (Best, 1968; Gambell, 1972). Calves are suckled for approximately 
2 years (Gambell, 1972; Best, 1974a). Females become sexually mature at 
about 9 years, males at about 19 years (Bannister, 1969; Best, 1970, 
1974b; Gambell, 1972; Lockyer, 1981b). Fertility appears to vary with 
age and may affect the 4 - 5 year reproductive cycle. Ther_e is little 
evidence of a seasonal male sexual cycle, although Best (1969b) reported 
histological evidence for seasonal variation in androgenic hormone 
activity. 

In sub-tropical and temperate waters, sperm whales have a social 
organization of several schooling systems (OhsUTii, 1971). Generally, it 
is the matriarchal nursery and harem schools which are coherent from 
season to season. Juvenile schools and various adult and sub-adult male 
groupings are less stable. During the breeding season, an adult bull 
will temporarily associate with a harem school, serving perhaps 12 - 14 
females (Ohsumi, 1971; Berzin, 1972). 

Other odontocetes 

Reproductive parameters for Hyperoodon and Berardius are completely 
unknown in Antarctica. In Hyperoodon ampullatus ( a nort hern hemisphere 
species) the gestation period is about one year, lactation is about 5 - 7 
months, and the reproductive cycle is about 2 years (Tomilin, 1967). In 
Berardius (northern hemisphere), the gestation period is 16 - 17 months 
(Kasuya, 1977; Ohsumi, 1984). 
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Female killer whales attain sexual maturity at 7 - 8 years. Males 
mature sexually at 10 - 16 years. Gestation is likely to be between 12 
months (Tomilin, 1967) and 16 months (Nishiwaki and Handa, 1958). 
Conception. may occur in sunmer (January) in the Antarctic with birth 
approximately in autumn (IWC, 1982). 

The gestation period in Globicephala off Newfoundland is about 15.5 
months. Calves suckle for 6 - 9 months, al though nursing may continue 
for up to 2 years (Sergeant, 1962). Similar to sperm whales, pilot 
whales are polygynous and have a harem schooling structure. Kasuya and 
Marsh ( in press) recently reported an unusual occurrence of "wet-nurses" 
among reproductively elderly females in schools of §..:._ macrorhynchus, 
which suggests a complex social structure within schools. 

Goodall (1978) described a near term · fetus of 73.4 cm from a 
Comrnerson' s dolphin. She estimated birth to occur in early summer. The 
mother of the fetus was 8 years old and all vertebral epiphyses were 
fused, indicating both sexual and physical maturity. 

Food Habits 

A generalized diagram of the importance of principal prey of 
Antarctic whales is presented in Figure 30 (Laws, 1977b). Rough 
estimates of the amounts of prey consumea by current whale stocks are 
given in Table 40. 

_ Blue whales 

According to the classification by Nemoto (1959), the blue whale is a 
"swallower" type of feeder -- a volume of water and zooplankton is 
gulped and filtered through the baleen plates by means of internal 
pressure from tongue expansion. This type of feeding was further 
explained by Lambertson ( 1983). A major prey of _blue whales is Antarctic 
krill (Mackintosh, 1942; Marr, 1956). In the sub-Antarctic, f.:. 
vallentini is an important food source (Nemoto, 1962; Doi et al., 1967; 
Kawamura, 1974). A daily intake of 30-40 g/kg of body weight was 
estimated for an average 120 day stay in Antarctic waters (Lockyer, 
1981a). The first stomach ( which is three-chambered) reportedly holds 
1,000 kg (Zenkovich, 1969). It may not be unreasonable to assune a daily 
intake of about 4,000 kg for a fully adult blue whale (Lockyer, 1981a). 
Successful feeding probably is dependent upon locating high density 
swarms. 

Blue whales arrive in the Antarctic in spring in a lean body 
condition and quickly fatten over 4 or more months. Body weight has been 
estimated to increase at least 50% for blue whales and over 30% for fin 
whales during the feeding season (Lockyer,. 1981a). This fattening 
phenomenon is well documented . from studies of increasing blubber fat 
thickness and co1M1ercial oil yield as the season progresses (Mackintosh 
and Wheeler, 1929; Lockyer, 1981a). These energy reserves are utilized 
chiefly during the winter when feeding may be as low as one tenth of the 
daily summer consumption (Lockyer, 1981a) (Fig. 31). 
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Fig. 30. Pie diagrams indicating food consumption of whales in the 
Southern Ocean. (After Laws, 1977b). 
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Table 40. Rm . .gh estlmates of the current biomass of southern whale populations and food 
consurrption in the Antarctic. Data from Laws (1977b), IWC (1979), and Tables 38 and 39 (this 
volume). Whales were assumed to consume prey daily amounting to a percentage of their body 
weight: 5% for hurrpback and juvenile fi.n whales, 3.5% for sperm whales (Lockyer, 1981b), and 
4% for all others. All whales were assumed to acti.vely feed in Antarctic waters 120 days per 
year (100 days for sei whales). Only one third of the malf~ sperm whale population was assumed to 
feed south of the Antarctjc Convergence. Although in this table all mature sei whales were 
assumed to spend some time south of the Antarctic Convergence, it is unclear what proportion 
venture · there to feed, and what proportion remain farther north, where most exploi t.ation has 
taken place. The units mt indicate metric tons. 

Species 

Blue (all) 

Stock 
size 

(x 103) 

4.5 

Pygmy blue (all) 7.4 

Fin (mature) 84.0 

Fin (juvenile) 42.0 

Sei (mature) 16.0 

Humpback (all) 3.5 

Minke (mature) 258.3 

Sperm (mature) 71 .0 

Mean Antarctic 
wt biomass 

(mt) (x 103 mt) 

62.0 279 

56.6 419 

48.0 4032 

10.0 

17.5 

22.0 

420 

?80 

77 

7.0 1808 

27.0 639 

All 486.7 250.1 7949 

Individual 
consurrption 
Mt/ Mt/ 
day year 

2.48 298 

2.26 271 

1.92 230 

.50 60 

o. 70 70 

1.10 132 

0.?.8 34 

.94 113 

Annual food consumption of stocks 
(millions of metric tons) 

Euph- Cepha- Other 
aus- lopods Invert- Fish Total 
Jids ebrates 

1.30 

1. 94 

18.74 

2.lt4 

1.01 

.42 

8.52 

2.41 

34.37 2.41 

.11 

.26 

.37 

.04 

.05 

.61 

.08 

.04 

.26 

1.34 

l.99 

19.35 

2.52 

1.12 
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Fig. 31. Example of possible energy pathways in adult blue whales. 
(From Lockyer, 1981a). 
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Pygmy blue whal~s 

Nemoto (1968, 1970) and Kawamura (1980) oath classify the pygmy blue 
whale as a "swallowing" type feeder with a preference for euphausiids. 
Like the blue whale, its diet is more specialized than other rorquals. 
South of the Antarctic Convergence, Antarctic krill is the main prey, 
while species such as E. vallentini are taken in Kerguelen/Crozet Island 
waters (Nemoto, 1962)-:- Pervushin (1968) recorded finding Myctophum 
punctatum and the cephalopod Onychoteuthis banksii in stomachs of pygmy 
blue whales from Crozet. 

Fin whales 

The fin whale is also classified as a "swallower" (Nemoto, 1959), and 
feeds primarily on euphausiids. In low latitudes during winter, fin 
whales sometimes feed opportunistically on shoaling fish and amphipods 
(Nemoto, 1970; Kawamura, 1974, 1980). Copepods (Kawamura, 1980) and 
squid (Peters, 1938) are also taken occasionally. Euphausiids (chiefly 
E. superba) comprised the diet in 99.4% of all fin whales examined in 
Antarctic catches from 1961 to 1965 (Nemoto, 1970). Other important 
components · included: Euphausiacea ~ vallentini, h similis 
(sub-Antarctic), Thysanoessa macrura; Amphipoda Parathemisto 
~audichaudi; Decapoda -- Munida gregaria (sub-Antarctic); Pisces 
otolepis coatsi (Kawamura, 1980). 

The quantities of prey consumed oy fin whales are probably very 
similar to those consuned by blue whales (i.e., 30 - 40 g per kg body 
weight per day) during 120 days in the Antarctic. The first stomachs of 
fin whales, 18 - 23 min length, have been reported to hold up to 900 kg 
(Sal'nikov, 1953; Kawamura, 1970, 1974). A daily intake of 2,000 - 2,500 
kg of krill was estimated for adult fin whales (Lockyer, 1981a). Feeding 
is thought to be most active in the morning and early evening (Nemoto, 
1959). 

Sei whales 

Nemoto (1959) described the sei whale as potentially both a 
11 swallower" and a II skifMler" in feeding habits. Sei whales are 
opportunists able to skim small dispersed plankton like right whales, yet 
also take larger organisms from densely shoaling euphausiids or fish 
(Kawamura, 1974). Sei whales may have been limited by the presence of 
larger blue, fin, humpback, and right whales (Kawamura, 1978), until 
depletion of these stocks reduced feeding competition. Changes in the 
behavior and timing of sei whale arrival in Antarctic waters have been 
reported sirce the decline · in other baleen whale stocks (Nemoto, 1962; 
Bannister and Gambell, 1965). These changes may indicate a response to a 
reduction in inter-specific competition. 

Food items taken by sei whales in the Antarctic were 
investigatea by Kawamura (1970, 1974). South of the 

thoroughly 
Antarctic 
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Convergence, h superba is the staple (Matthews, 1938; Brown, 1968). In 
the sub-Antarctic, the following are locally important; E. vallentini, 
Parathemisto gaudichaudi, Calanus tonsus, and Cal anus s imITlimus. Fish 
taken include SC ombensox saurus and Vinciguerna at tenuuata, although 
other species encountered are consumed incidentally. while feeding on 
planktonic prey. Other euphausiids taken include E. lucens, E. 
diomedeae, h similis, Thysanoessa gregaria, and l:._ vicina--:- The copepoas 
Clausocalanus laticeps and Drepanopus pectinatus are also taken. 

Minke whales 

Kawamura (1980) reporte? that stomachs from minke whales taken 
between 1961 and 1965 in the Antarctic contained euphausiids 
exclusively. Similarly, Ohsumi (1979) and Kawamura and Kikuno (1980) 
concluded that Euphausia superba was the sole food of minke whales in the 
Antarctic. Occurrences of other species such as Thysanoessa macrura were 
rare and perhaps incidental (Kawamura and Kikuno, 1980) . Outside the 
Antarctic, minke whales eat other species such as E. vallentini 
(Kawamura, 1980). 

Ohsumi (1979) assumed a feeding rate of about 4% body weight daily 
for the Antarctic minke whale. He observed that stomachs full of 
Antarctic krill weighed up to 136.4 kg. On that basis, minke whales 
would need to consume approximately 2 meals daily to meet energy needs. 
Ohsumi (1979) noted that although feeding took place throughout daylight 
hours, peak feeding occurred at dawn. A secondary peak may occur in 
evening (Ohsumi et al., 1970). Minke whales are "swallowers" in Nemoto 's 
(1959) classification of feeding strategies. 

Humpback whales 

Humpback whales prey primarily on euphausiids, and were classified as 
"swallowers" by Nemoto (1959). Kawamura (1980) noted that gregarious 
fish are equally popular in the diet if abundant, as well as some 
demersal fish and various Crustacea. Nemoto (1970) reported only 
euphausiids from stomachs of humpback whales taken in the Antarctic 
between 1961 and 1965. 

Quantities eaten by humpback whales have been assumed similar to 
those eaten by blue and· fin whales during a 4 - 6.5 month stay in 
Antarctic waters (Lockyer, 1981a). Zenkovich (1969) estimated that an 
adult humpback whale might consume 21200 kg krill daily and a full 
stomach might hold about 500 kg. However, Sergeant's (1969) hypothesis 
for northern populations) of J - 4% body weight required per day suggests 
that a daily rate of about 1,000 kg is probably more likely. Lockyer 
(1981a) calculated that by the end of the summer feeding period, a 
humpback whale may have doubled its lean, arrival body weight. 

Right whales 

Right whales were classified as "skimmers" by Nemoto (1959, 1968, 
1970). The rostrum is narrower and more arched than in rorquals, the 



grooves in the mouth and throat region that permit distension are absent, 
and the baleen plates are much longer than in blue and fin whales. The 
extremely fine baleen fringes enable right whales to filter organisms 
smaller than Euphausiids. "SkifTVllers" swim along open-mouthed. The 
density of prey is not as critical in this method of feeding, which is 
much closer to the usual notion of filter-feeding. Prey are retained in 
the oral cavity by the long baleen fringes as water flows through and 
out. Nemoto considered this type of feeding to be suitable for prey such 
as copepods and amphipods, although euphausiids would be taken if locally 
abundant. 

Kawamura (1978) identified I.:_ superba as the chief food of right 
whales in the Antarctic, although Munida gregaria is taken off 5. 
Georgia, in sub-Antarctic waters off Patagonia, and possibly off New 
Zealand. Outside the Antarctic, the right whale probably takes mostly 
the copepod Cal anus by analogy with its northern hemisphere counterpart 
(Kawamura, . 1978). Kawamura (1978) found a coincident distribution 
between right and sei whales and Calanus tonsus between 3005 and 40°5 
during the austral summer. The main prey in these latitudes included 
copepods, amphipods, and I.:_ vallentini. 

Sperm whales 

The principal component of the sperm whale diet throughout the 
world's oceans is cephalopods (Berzin, 1972; M. Clarke, 1983). Because 
of the sperm whale's deep diving ability, down to depths of 1,200 meters 
(Lockyer, 1977d) and from indirect evidence, to 3,200 meters (Clarke, 
1972), is able to feed on a wide variety of cephalopod species. Many of 
its prey are known only from specimens retrieved from sperm whale 
stomachs (M. Clarke, 1980). Squid and fish are taken in the approximate 
ratio of 9:1. Kawakami (1980) presents a full review of data concerning 
the feeoing habits of sperm whales· worldwide. Cephalopod species taken 
by sperm whales are discussed further in Chapter 4. The most commonly 
taken species include members of the families Cranchiidae and 
Onychoteuthidae (Berzin, 1972; M. Clarke, 1983). 

Fish are apparently taken opportunistically. Remains of Dissostichus 
mawsoni 120 - 140 cm long (up to 170 cm and 74 kg) were frequently found 
rn stomachs of whales taken near the Balleny Islands (Berzin, 1972). 
Zemskii (1962) reported Notothenid fish up to 150 cm in length in sperm 
whale stomachs. Dissostichus ele intides (70 - 138 cm and up to 44 kg) 
was reported by Korabel'nikov (1956 and Solyanik (1963) in the stomachs 
of sperm whales taken near Tierra. del Fuego. Additional fish taken by 
sperm whales in the Southern hemisphere include Micromesistius australis 
and Ceratias holbochi (Kbralbel'nikov, 1959). Large rays and bottom 
living sharks are occasionally taken as well (Clarke, 1972). 

Feeding rates have been calculated as approximately 3% body weigh't 
daily in whales under 15,000 kg and up to 3.5% body weight daily in 
whales of 40,000 - 50,000 kg (Lockyer, 1981b). The first stomach would 
need to be filled 3 times daily for normal nourishment, while a nursing 
female might need to fill her stomach 4 - 5 times daily (LocKyer, 1981b). 
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Other odontocetes 

Killer whales are important predators of marine marrJT1als (whales, 
dolphins, and seals), birds (penguins), fish, and squid (Erickson and 
Hofman, 1974). In the Antarctic, the fish Dissostichus mawsoni is eaten 
as well as unspecified fish and squid. Larger items include adelie 
penguins, minke whales, crabeater seals, leoparo seals, and southern 
elephant seals. Condy et al. (1978) found a seasonal correlation between 
distribution of killer whales and elephant seals near Marion Island. 
Cooperative hunting of crabeater seals by killer whales has been observed 
(Smith et al., 1981). Quantities of food consumed are likely to be about 
4% body weight (Sergeant, 1969). No seasonal variation in levels of 
feeding have been documented, although diet composition may vary. The 
killer whale is usually present in cohesive family groups or pods. In 
the Antarctic, amalgamation of pods during feeding sometimes results in 
schools of 100 - 400 individuals (Doroshenko, 1978; Budylenko, 1981; 
Aubrey et al., 1982; Joyce, pers. comm.). 

Sergeant (1962) described the preferred prey of Globicephala off 
Newfoundland as the squid, Illex illecebrosus, with which its 
distribution has been closely correlated . . Squid may also be important 
for Globicephala in the Antarctic. Sergeant (1969) calculated a oaily 
feeding rate of 4 - 6% body weight daily for adult pilot whales in the 
Arctic. The diet of Berardius and Hyperoodon is probably similar to that 
of sperm whales (Gaskin, 1976) ; in the Arctic these two species dive to 
great depths for long duration (Tomilin, 1967). 

Ecological Interactions 

Corrvnercial exploitation of the great whales of the so.ithern 
hemisphere had a major impact on the Antarctic marine ecosystem. There 
is evidence that groups such as seals and birds have been affected by 
harvest-related perturbations in recent decades (Bengtson, 1984). It is 
likely that less studied groups have been affected in ways not yet 
determined. The manner in which current whale stocks are being affected 
by altered abundance and behavior of its prey and competitors remains 
unknown. Increased populations of krill consumers such as crabeater 
seals and some penguin populations, as well as increasing pressure from 
corrmercial fisheries, may very well slow a recovery of whale stocks by 
altering the availability of krill. 

The baleen whales rely heavily on Antarctic krill unless 
opportunistically presented with other locally abundant species such as 
S!. vallentini (Nemoto, 1959, 1968; Kawamura, 1980). These whales 
undertake regular migrations (Lockyer and Brown, 1981), which means that 
other feeding areas may be available to them if foo□ becomes locally 
scarce. The toothed whales are not direct consumers of krill, but may be 
linked to krill indirectly by eating krill consumers such as squid. 
Killer whales, which have a catholic diet (IWC, 1982), are unlikely to 
suffer initially from changes in krill availability although their diet 
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does include many species known to consume krill directly such as 
penguins and crabeater seals (Condy et al., 1978). 

The International Whaling Commission has attempted on several 
occasions to predict the potential course and schedule of recovery of 
depleted whale stocks. Hypothesized time scales are in terms of many 
decades for recovery, not to pre-exploited population levels, but to a 
maximum sustainable yield level, generally assumed to be about 60% of the 
maximum size (see Allen, 1980). To date, evidence of recovery for blue, 
humpback, and right whales is limited, although small groups of right 
whales in specific localities appear to be growing at a steady rate 
(Best, 1981). Given the degree to which whale populations were reduced, 
it is likely that any potential recovery will take many decades. 
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